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BRIGHTNESS METER FOR SELF-LUMINOUS DIALS 
By Leon F. Curtiss 





ABSTRACT 


A compact, self-contained apparatus is described which can be used to deter- 
mine the brightness in microlamberts of a self-luminous dial. The arrangement 
consists of a translucent-glass disk uniformly illuminated from the back by a 
flashlight bulb. An opaque stencil, cut to match the figures on the dial to be 
tested, is fitted to the front of the disk. The intensity of illumination and, there- 
fore, the brightness of the face of the glass disk is controlled by a wheatstone- 
bridge arrangement which regulates the current through the bulb, supplied by 
two flashlight dry cells. A milliammeter is connected to show the out-of-balance 
current of the wheatstone bridge and may be calibrated directly in microlamberts. 
The range of the apparatus is from 1 to 50 microlamberts, which upper limit 
exceeds the brightness of any commercial dials now made. The device is easily 
portable and can be used to test dials mounted in instrument panels without 
dismounting them. 





I. INTRODUCTION 


There is a demand at the present time on the part of users and 
makers of self-luminous dials for some form of photometric device 
which can be used to test the brightness of completed dials, both 
immediately after manufacture or purchase and at intervals during 
their serviceable life. Two methods which have been followed in 
the past for this purpose, are somewhat unsatisfactory. One is the 
use of a portable photometer in which the brightness is varied by 
changing the distance between a calibrated lamp and a diffusing 
screen over which is fitted an opaque stencil pierced with figures to 
match the dial under test. This photometer is bulky and not very 
easily portable. In particular, it is not at all adapted to testing dials 
already installed, unless they are dismounted for purposes of test. 

The second method is to prepare a self-luminous screen made by 
mounting a layer of luminous powder between two sheets of glass. 
This is fitted with an opaque stencil to match the dial to be tested. 
Although this arrangement is readily portable, it merely permits the 
observer to determine whether the dial is brighter or dimmer than 
the standard. Furthermore, such standards of brightness are subject 
to the steady deterioration of all self-luminous compounds. 

The writer has approached the problem with the point of view 
of providing a very compact photometer in which the brightness is 
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controlled by varying the current through the lamp at a fixed dis- 
tance from the diffusing screen. In working out such an arrange- 
ment, he has followed the design as suggested by B. H. Crawford ! 
in which the variation of brightness is produced by changing the 
current through a lamp placed in one arm of a wheatstone-bridge 
circuit. A milliammeter is connected to read the out-of-balance cur- 
rent produced by changes in the resistance of the lamp as the applied 
voltage is changed. This paper describes an instrument built on this 
principle, adapting an arrangement described previously * for measure- 
ment of luminous powder in the dry state to the measurement of 
completed dials. 


II. DESCRIPTION OF INSTRUMENT 


_Figure 1 shows the luminous disk in elevation, and a cross-section 
view of the luminous disk which is used to obtain a comparison 
of brightness with the self-luminous 
dials. The disk is made up of two 
pieces of opal glass O, clamped to 
each side of a green-glass disk G, 
which is cut from a Corning green 
railway-signal roundel having a 
transmission of approximately 140 
percent on the American Railway 
Scale. The opal-glass disks are 
each about % inch thick. Back of 
these glasses a flat-white diffusing 
reflector Dismounted. The shape 
of this reflector is not very impor- 
tant. A hemispherical surface 
would do very well. However, 
such a shape would make the depth 
of the cell greater than is desirable. 
The nature of the surface is, how- 
ever, quite important. The best 
surface is obtained by ‘‘smoking”’ 
with burning magnesium. Care 
must be taken to prevent any con- 
tact with this surface after it has 
been prepared. A 3-cell flashlight 
: : bulb F projects through a hole in 
Ss the center of the reflector D. This 
bulb is fitted with an opaque cap 
©. In this way practically uniform 





























L . 
Revie t : i 1 illumination is obtained over the 
INCHES whole of the glass disk, — 
Pecuns 1.—Lead disk in elevation the cell is only 2 inches deep, as 
aoe mdeasditin eee sndicated by the scale at the bot- 


tom of the drawing. 

The wheatstone-bridge resistors, rheostats, battery, and meter 
are contained in a separate small aluminum box with bakelite cover, 
shown in the drawing in figure 2. This box is connected with a 
flexible 2-wire cable to the flashlight bulb shown at F in figure 1. 
The wiring diagram of the complete arrangement is shown in figure 3. 
1 J. Sei. Instr., 11, 14 (1994). 1 J, Research NBS 13, 203 (1984) RP702. 
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The values of the resistances of the various arms of the bridge are 
indicated. The voltage applied to the bulb, supplied by 2 flashlight 
cells, is controlled by the radio-type rheostats R,; and R.. The one 
of lower resistance is used when a fine adjustment of brightness is 
desired. Since the flashlight bulb is always operated well below its 
rated voltage, it can be expected to give long service with a fairly 
stable calibration. Unless subjected to abuse, this instrument should 
require recalibration only at very infrequent intervals. The milliam- 
meter M, having a full-scale deflection of 1.5 milliamperes, is connected 
as shown to measure the out-of-balance current of the bridge. Its 
readings are, therefore, ap- 
proximately proportional to 
the brightness of the lamp. 
The exact relation is of no 
importance since it is sim- 
pler to calibrate each instru- 
ment separately. The in- 
strument is calibrated by 
observing the brightness of 
the luminous disk, by com- 
parison with that of a screen 
of known transmission illu- 
minated by a standard lamp, 
at various readings of the 
milliammeter. In this way 
the scale of the meter may 
be graduated directly in 
microlamberts. 
The actual values of the re- 
sistances may vary slightly 
in different instrumentssince 
careful adjustmentof atleast 
one of the arms of the wheat- 
stone bridge is required to 
bring the out-of-balance cur- 
rents of the wheatstone 
bridge within the range of 
the milliammeter selected. [+++ - 
The values given in figure 0 oe § 
3 should be convenient for = 
making the necessary pre- Fiaure 2.—Top and side view of control box for 
liminary adjustments. scm 

To complete the instrument, a stencil cut from opaque material 
with characters to match those on the dial is seciieel. This stencil 
is clamped to the front of the luminous disk. Such a stencil is shown 
in figure 4. In making measurements, the luminous disk with stencil 
is placed beside the dial to be tested and the brightness varied until 
a match is obtained, This method gives sufficient accuracy for all 
practical purposes. Measurements on unmounted dials may be made 
with the comparison dial resting on the base provided to hold it in an 
upright position. However, this part of the apparatus is thin and 
light enough so that it may be held near a dial mounted in an instru- 


ae so that a measurement can be obtained without removing 
e dial. 
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FA photograph of a completed instrument is shown in figure 5. The 
total weight is about 6 pounds. As described, this instrument has 
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Figure 3.—Wiring diagram for the brightness meter. 
Numerals show resistances in ohms. 


a range of 1 to 50 microlamberts. The average luminous dial has a 
brightness of about 6 microlamberts, so this range is entirely adequate. 





Fiaure 4.—Opaque stencil used to form artificial dial. 


The writer wishes to thank B. W. Brown and Miss C. L. Torrey for 
help in designing the instrument. 


Wasuineton, May 7, 1935. 
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Figure 5.—Completed brightness meter. 
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METHOD FOR. MEASURING THE pH OF LEATHER USING 
A SIMPLE GLASS-ELECTRODE ASSEMBLY 


By Everett L. Wallace 





ABSTRACT 


The glass electrode has been shown to function under conditions which are not 
favorable to either the hydrogen or quinhydrone electrode. Glass electrodes are 
now available which may be used in place of the hydrogen electrode, in the con- 
ventional potentiometric system, by substituting a galvanometer of high sensi- 
tivity and suitable characteristics in the electrical circuit. In view of the general 
use of pH measurements in specification and control work in the leather industry, 
a method which is rapid and accurate is desirable. A study has therefore been 
made of a simple glass-electrode assembly for measuring the pH value of leather 
extracts and tannin solutions. A method is proposed and the details of operation 
noted which are essential for accurate routine pH measurements. The Kerridge 
method of converting the emf readings of the glass electrode to corresponding 
pH units is described. 
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I. INTRODUCTION 


Kohn and Creede,' in 1923, suggested making pH measurements 
of water solutions in equilibrium with finely divided leather and plot- 
ting neutralization curves for a sufficient number of leathers of known 
tannage and wearing quality so as to establish a permissible upper 
limit for acidity. All the leathers which they considered good had 
an initial pH of practically 3 or higher. Since that time many other 
workers ? have devised methods which involve the measurement of 
the pH of leather-water systems. 

While interest in the possibility of using pH as a means of evaluat- 
ing leather with respect to acidity has been increasing, the practical 
application of the method has made slow progress. e chief reason 
for this has been lack of confirmatory experimental data, correlating 
pH and the deterioration of leather as her ning by acid content, the 
kind of tanning materials used, and storage conditions. 

Results of research are now available,’ however, which show the 
correlation between the initial pH values of different leathers and their 

1J, Am. Leather Chem. Assn, 189 (1 


(1923). 
2 See BS J. Research 10, 560 (1933) R.P547 for list of references. 
3J. Am. Leather Chem. Assn. 28, 125 (1933); 29, 623 (1934); 30, 91 (1935). 
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deterioration in storage. These data serve as a valuable guide in 
selecting safe pH limits for vegetable-tanned leather. 

The increased knowledge of the significance of the pH of leather 
will logically lead to its greater use in specifications and control work. 
This necessarily requires that the method for measuring pH be stand- 
ardized. Equipment for this purpose has generally included the 
hydrogen electrode or in some cases the quinhydrone electrode. The 
latter has been shown to give erratic results in solutions containing 
tannin.‘ The hydrogen electrode is susceptible to poisoning by many 
of the materials present in leather, and usually not more than two or 
three reliable readings can be obtained without renewing the coating 
on the platinum foil. The glass electrode has been shown § to func- 
tion satisfactorily with leather extracts and other solutions under 
conditions unfavorable to the use of either the hydrogen or the quin- 
hydrone electrode or of indicators. Recently glass bulbs of low resist- 
ance have been made available, which may be used in the conventional 
potentiometric systems by substituting a galvanometer of high sensi- 
tivity and suitable characteristics in the electrical circuit. This 
development offers an assembly for use in making pH measurements 
which gives rapid and reliable results. 

This report describes the glass-electrode assembly used, the essen- 
tial details of operation which were followed, and the experimental 
work incident to the development of a method for measuring the pH 
of leather and tannin extracts. 


II. EQUIPMENT 


The apparatus used in this study is shown in figure 1. The poten- 
tiometer is a portable type calibrated to +0.5 millivolt. The 
galvanometer has a sensitivity of 0.0005 microampere, a 6-second 
period and a critical-damping resistance of 10,000 ohms. The ref- 
erence half cell is a saturated potassium-chloride-calomel electrode, 
with side arm for dipping into the test solution and a dropping funnel 
inserted in the top for flushing after each determination. The half 
cell was placed in a dewar flask for protection against sudden changes 
of temperature. The glass electrode is of the bulb type having an 
internal reference electrode. 

The glass electrode was insulated by supporting it from a bakelite 
rod. Shielding and grounding were found necessary, particularly 
during humid weather. The wires leading to the galvanometer were 
shielded with grounded metal cables and the galvanometer was 
shielded by a grounded copper case. The potentiometer rested on 
a grounded copper shield. Where possible the reading lamp should 
be lighted by alternating current, using a small transformer, since 
the use of direct current often causes induced currents which may 
affect the stability of the galvanometer coil. 


III. STANDARDIZATION 


Two glass electrodes having similar internal reference cells will not 
necessarily give the same emf readings in a standard buffer solution. 
This is caused by a difference in potential between the inner and 
outer surfaces of the glass, known as the ‘‘asymmetry potential’ of 
the glass membrane. 


4 BS J. Research 4, 737 (1930) RP176. 
§ Burton and Acree, Ind. Eng. Chem. 6, 79 (1934). 
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This potential is not constant, but the change is usually very gradual 
over a period of weeks. Different electrodes may have slightly differ- 
ent characteristics, and for this reason the glass electrode should be 
considered as a secondary electrode which must be calibrated against 
the standard hydrogen electrode. 

Since the glass electrode must be frequently calibrated, prepared 
tables for converting emf readings into corresponding pH units can 
be used only after a correction factor has been applied. 

When the observed emf of a glass electrode is plotted graphically 
against the known pH of several buffer solutions, a straight-line graph, 
figure 2, should be obtained. This line will have a slope of 0.0591 
volt per pH unit at 25°C within the range of l1to10 pH. ‘Therefore, 
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FicurE 2.—Calibration graphs for glass electrodes with four buffers, versus satu- 
rated potassium-chloride-calomel electrode at 25° C. 


for routine work it is usually sufficient to check the electrode against 
: — buffer solution, having a pH near the working range 
esired. 

The following formula for converting emf readings into corre- 
sponding pH units, described by Kerridge,® is simple, eliminates 
any necessity for separate computation of the corrections in the read- 
ings, and applies to any internal reference cell. 


wm Hil 
pH,=pH,+— 4 


where x = the unknown solution, b = the standard buffer solution 
used for calibration, and K= (0.00019832) (273.1+#), where i=tem- 


*J. Sci. Instr., 3 404 (1926). 
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perature in degrees C. The equation is given in algebraic form and 
emf readings must be inserted with proper signs. The sign given 
the glass electrode in this report is taken as the sign’ on the outer 
metallic terminal of the electrode, and is the same as that of the po- 
tentiometer binding post to which the glass electrode is attached at 
balance. This is the convention accepted by the National Bureau of 
Standards. 

The following calculation is typical. If the observed emf reading 
at 25°C of a buffer solution (pH 3.97) with the glass electrode versus 
the saturated potassium-chloride-calomel electrode was found to be 
+ 0.221 volt and the observed ‘emf of an unknown solution was 
+ 0.298 volt, then: 
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+0.221—0.298 


0.0591 =3.97—1.30=2.67 


pH=3.97+ 





In figure 2 Jine graphs 1 and 2 show the calibration results of two 
electrodes having internal reference cells of quinhydrone and hydro- 
chloric acid. The difference in the emf readings is caused by different 
characteristics of the glass membrane. The rate of change in these 
readings is slow, unless the glass is subjected to strong alkali or acid 
solutions. 

Three new electrodes 1, 2, and 4, in figure 2, were prepared, and 
readings were made periodically on four standard buffer solutions 
over a period of 100 days. There was a change in emf readings for a 
given pH for all the electrodes, but they still functioned linearly at 
the end of the test period. The greater part of the change in elec- 
trode 1 was in the quinhydrone cell. When the internal platinum 
electrode was removed and cleaned and again replaced in the same 
solution, the readings were within 3 millivolts of the original readings 
of the electrode. The 0.1 N hydrochloric-acid-calomel dteule 
no. 4 changed slowly for a period of approximately 10 days and then 
remained practically constant for the remainder of the test period. 

In preparing the glass electrode an excess of solid quinhydrone may 
be added to a solution of hydrochloric acid in the glass bulb and a 
clean platinum or gold wire inserted, or an internal electrode with 
bulb for holding the quinhydrone may be used. It is the opinion of a 
number of users of the glass electrode that the pH of the hydro- 
chloric-acid solution used with the quinhydrone must be exactly 1, 
in order that tables furnished with some electrodes may be used for 
converting emf readings into pH units. This is not the case, since 
the emf of the Pi ok is practically independent of the pH 
of the hydrochloric-acid solution. This condition is caused by the 
fact that the potentials of the glass and quinhydrone electrodes are 
changed the same amount, whenever the pH of the internal hydro- 
chloric-acid solution is changed. Any concentration of hydrochloric 
acid between normal and 0.1 normal is satisfactory for routine work. 

In preparing a calomel internal reference electrode it must be pro- 
vided with a bulb for holding the mercury and calomel in contact 
with the platinum wire. The emf of the glass electrode with an inter- 
nal calomel electrode will vary with change in the pH of the internal 
hydrochloric-acid solution, because the glass acts as a hydrogen 


? Trans. Am. Electrochem. Soc. 36 3 (1919). 
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electrode while the mercury acts as a metal electrode. The solution 
usually used is 0.1 N hydrochloric acid. 

The proper correction should be made in the conversion formula 
for the temperature at which the pH determinations are made with 
the glass electrode. The temperature of the solutions measured 
should be near that of the calomel reference electrode. A difference 
of 5° C will cause an error of approximately 0.06 pH unit. 


IV. EXPERIMENTAL RESULTS AND DISCUSSION 


Since the method for measuring the pH of leather is empirical and 
is dependent upon the dilution of the extract (ratio of leather to water), 
it is necessary to establish a standard method, in order that work of 
different laboratories may be comparable. Kohn and Creede * used 
a factor weight, 4.9 g of leather to 100 ml of water. This amount 
of leather was chosen for convenience in calculating titration data. 
Other investigators used varying amounts of leather and water. 

It was found from experimental data on a large number and 
variety of leather samples that, when the ratio was between 4 and 6 g 
of leather to 100 ml of water, the extract was so well buffered that any 
variation between these limits caused no appreciable difference in 
the pH of the extract. A large amount of data had been collected in 
this laboratory and by others, using 4.9 g of leather to 100 ml of dis- 
tilled water. In order that the accumulated data might be more 
closely correlated with future work, a ratio of 5 g of leather to 100 ml 
of water was selected. 

In a committee report on the determination of acid in leather,* 
the following items were studied with respect to their effect on the pH 
of the leather: (1) Method of preparing the sample; (2) filtering the 
leather extract; (3) grease content of the sample; (4) time of soaking, 
and (5) ratio of leather to water. The only factors found to have 
any appreciable influence on the pH were the time of soaking and the 
ratio of leather to water. The minimum time required for the sample 
— equilibrium with the water was found to be approximately 
4 hours. 

A comparison of the pH readings obtained with the glass and hy- 
drogen electrodes in water extracts of leather has been made on a large 
number and variety of samples. Typical results are given in table 1, 
in which the pH values of 24 samples representing commercial and 
specially treated leathers measured with the hydrogen and glass 
electrodes, are shown. 


TaBLE 1.—pH measurements with glass and hydrogen electrodes in water extracts of 
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It will be noted that the agreement was close with two exceptions. 
In sample 1 the hydrogen electrode was “poisoned”’ so rapidly that a 
steady reading could not be made, and in sample 3 copper plated oui 
of the solution onto the hydrogen electrode. 

In order to determine the effect of the tannins on the pH of leather, 
the pH-titration curves shown in figure 3 were made with the glass 
electrode in a sulphuric-acid solution and in solutions of sulphuric 
acid of the same strength containing commercial tannin extract. 
In the pH range between 3 and 4, where it has been shown that 
leather is unharmed by the acidity, the type or amount of tannin has 
little effect on the pH. Above pH 4 there is a large difference in the 
buffering effects of quebracho and chestnut tannin extracts. This 
indicates that the water-soluble tannins extracted from the leather 
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Figure 3.—Titration curves for sulphuric-acid solution and for sulphuric-acid 
solutions of the same strength containing tannin. 
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have no effect on the acidity within the normal range of a routine 
pH determination. 

The effect of the temperature of the water used for extracting the 
leather, on the pH of the extract was determined as follows. Two 
leathers were used. One was tanned in the laboratory and treated 
with sulphuric acid and the other was a commercial sole leather. 
Distilled water (100 ml) at 25° C was added to 5-g portions of the 
leathers, as prepared for analysis, in glass-stoppered flasks. 

One series was allowed to come to equilibrium at 10° C, one at 
45° C, and the other maintained at 25° C. After 24 hours the solu- 
tions were filtered and pH determinations made at 25° C. The 
maximum variation in the samples was only 0.03 pH. 
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V. SUMMARY 


1. From the results of this work it is recommended that the pro- 
cedure for determining the pH value of leather proposed in the 
report of the committee on the determination of at in leather ' be 
revised to permit only the use of the glass electrode. The method 
should read as follows: Weigh 5 g of leather, as prepared for analysis, 
into a flask, add 100 ml of distilled water and stopper the flask tightly. 
Agitate the mixture immediately and allow it to stand for 4 hours. 
Again agitate the mixture and allow it to settle for 10 minutes, and 
determine the pH of the decanted extract with the glass electrode. 

2. The glass electrode was found to be more rapid and to require 
less attention than the hydrogen electrode. 

3. The Kerridge substitution method of converting emf readings of 
the glass electrode into corresponding pH units is described. 


WasHINGTON, May 10, 1935. 
10 J, Am, Leather Chem. Assn, 29, 403 (1934). 
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EFFECT OF PRESSURE ON THE DIELECTRIC CONSTANT, 
POWER FACTOR, AND CONDUCTIVITY OF RUBBER- 
SULPHUR COMPOUNDS ! 


By Arnold H. Scott 





ABSTRACT 


The dielectric constant, power factor, and conductivity of rubber-sulphur 
compounds containing from 0 to 32 percent of sulphur were measured while 
subjected to pressures ranging from 1 to 700 bars Casushabintdeley 690 atmos- 
pheres). The dielectric constant and power factor were measured at 1,000 
cycles per second and the conductivity at the end of 1-minute electrification. 

he effect of pressure on each of the electrical properties was found to change 
with sulphur content. The dielectric constant of specimens containing up to 
about 7. ot of sulphur increased slightly with pressure. For higher per- 
centages of sulphur it decreased with pressure. The power factor of specimens 
containing up to about 2 percent of sulphur was independent of the pressure. 
For percentages of sulphur from 2 to about 12 percent, the power factor increased 
with pressure; for higher percentages of sulphur it decreased with pressure. The 
conductivity of specimens containing between about 12 and 19 percent of sulphur 
increased with pressure, while it decreased with pressure for other percentages of 
sulphur. Curves are presented which show the effect of pressure on these elec- 
trical properties for rubber-sulphur compounds of any possible composition. 

The effect of pressure on the electrical properties of two specimens of gutta- 
percha over the same pressure range was determined and the results are given for 
comparison. 
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I. INTRODUCTION 


This paper reports the results of a study on the effect of pressure 
on the die ectric constant, power factor, and conductivity of rubber- 
sulphur compounds, and is the third paper of a series dealing with the 
electrical properties of rubber-sulphur compounds.? The previous 
papers dealt with the effect of sulphur content, temperature, and 
current frequency on these electrical properties. The results reported 
in the present paper have been corrected for changes in the dimen- 
sions of specimens caused by changes in pressure. The required data 
for making these corrections were obtained from a detailed study of 
the compressibility of rubber-sulphur compounds which has recently 
been completed.’ 


II. METHOD OF DETERMINING ELECTRICAL 
PROPERTIES 


The specimens were made in the form of insulation on wires in 
order that they might be put in a pressure apparatus consisting of 
heavy pipes. Each material under test was formed into an insulating 
cylinder around the wire. The specimen was placed in the pressure 
apparatus in such a way that the wire core was used as one electrode 
and the pressure medium as the other. This made a cylindrical 
capacitor having the material under test as the dielectric. The capac- 
itance, power factor, and conductance of this capacitor were measured 
when the various pressures were applied. 

The dielectric constant, K, of a material is given by the equation 


K=AC (1) 


where C is the capacitance of the capacitor having this material as 
the dielectric, and A is the shape factor of the capacitor. For certain 
shapes of the capacitor, A may be readily computed from easily deter- 
mined dimensions and the dielectric constant obtained from a meas- 
urement of the capacitance. However, the specimens used in this 
investigation were not sufficiently uniform and symmetrical to per- 
mit the computation of A. Therefore, an indirect method was used 
in the determination of A. The dielectric constant of the material 
was determined by means of flat specimens at atmospheric pressure 
and 25° C as described by Curtis, McPherson, and Scott.* The flat 
specimen for this purpose usually was made at the same time and 
from the same batch of material as the cylindrical specimen. The 
value of A for the cylindrical specimen could then be computed from 
the capacitance measured in the pressure apparatus at atmospheric 
pressure and 25° C and from the value of K obtained from the flat 
specimen. 
The conductivity, y, of a material is given by the equation 


y=BG (2) 
where G is the conductance of the specimen and B is the shape factor 
for conductivity. When the electric field is entirely within the 
“4 BS Sel. Pap. 22, 398 (1927) 8560; BS J. Research 11, 173 (1983) RP586. 


3 BS J. Research 14, 99 (1935) RP760. 
‘ BS Sci. Pap. 22, 398 (1927) 8560. 
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dielectric, the shape factor for conductivity is connected with the 
shape factor for dielectric constant by the equation 


101A A 


Beapesy erg (3) 





where A is the shape factor for dielectric constant when the capac- 
itance is measured in micromicrofarads, and » is the velocity of light 
in centimeters per second.’ 

The shape factors were corrected for changes in the dimensions of 
the specimens due to the compressibility of the materials. The 
compressibility of the copper or aluminum, of which the core was 
made, was so small that the effect of the change in the dimensions 
of the core was negligible. Correction was thus made only for the 
change in dimensions of the rubber, using the values of compressibility 
given in a former paper.® 


III. PREPARATION OF SPECIMENS 


Each of the carefully mixed rubber-sulphur compounds was formed 
in a seamless sheath about a wire. Some of the specimens were 
vulcanized in steam, while the rest were vulcanized in an inert gas. 
Those vulcanized in steam were dried before measuring. 


1. MATERIALS INVESTIGATED 


The rubber specimens investigated were vulcanized compounds of 
rubber and sulphur ranging in composition from 0 to 32 percent of 
sulphur. The percentages of sulphur were so chosen that the dif- 
ference in sulphur content between successive specimens was in no 
case greater than 6 percent and in most cases it was 2 percent or less. 
Three varieties of rubber were used, ‘‘up-river fine Para’’, ‘‘smoked 
sheet’”’, and purified rubber. The purified rubber was obtained by 
the process described by McPherson.’ 

The gutta-percha specimens were cut from a cable which had been 
obtained from a cable manufacturing company in England. This 
= had been stored in water since its manufacture about 18 months 

efore. 
2. COMPOUNDING OF RUBBER 


The rubber was usually mixed with the sulphur on a roll mill in 
air. In a few cases the mixing was done in an internal mixer in an 
atmosphere of carbon dioxide. The rubber and sulphur were weighed 
separately and the batch was weighed after mixing. The weight of 
the batch seldom differed from the sum of the weights of the con- 
stituents by more than 1 part in 1,000. Any greater difference was 
due to a loss of sulphur during the mixing and the requisite quantity 
of sulphur was added to correct for this loss. 

5 Since the ratio of the shape factors is the same regardless of the shape of the specimen, this ratio may 
be derived for the simplest case, i. e., a parallel plate capacitor. For this, neglecting edge effects, K= 
oxi AC, and y=@GX 57 BG, where K is the dielectric constant, C is the capacitance in micromicro- 
farads, d is the thickness, S is the area of the electrode, » is the velocity of light, y is the conductivity, and 
G is the conductance. Thus, Bio OE 11.81. 


104 
$J. Research NBS 14, 99 (1935) RP760. 
’ BS J. Research 8, 751 (1932) RP449. 
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3. FORMATION OF SPECIMENS 


Each specimen was formed by applying the rubber-sulphur com- 
pound concentrically about a wire by means of a commercial 
extrusion machine which had been adapted for this particular work. 
Since the various rubber-sulphur compounds could be applied 
smoothly to the wire in very narrow temperature ranges, it was neces- 
sary to control the temperature closely. For this purpose thermom- 
eters were placed at strategic points on the machine and an electric 
heater was added at the point where the insulated wire emerged, 
since it was not adequately heated by the original equipment. It 
was necessary to control the temperature by hand, but this could be 
readily done after a little experience. 


4. VULCANIZATION OF SPECIMENS 


Most of the specimens were packed in powdered tale and vulcanized 
in an atmosphere of steam while the others were vulcanized suspended 
in an atmosphere of dry hydrogen or CO, gas. The method of 
vulcanizing in steam was replaced by a method of vulcanizing in a 
dry gas het it was observed that some of the sulphur migrated 
from the rubber to the tale during vulcanization. Subsequent 
experiments showed that this migration was particularly significant 
when small samples of high sulphur content were vulcanized in 
contact with a considerable quantity of fresh talc. 

Those specimens vulcanized in steam were coiled in a pan of 
powdered tale. This pan and its contents were then placed in a 
steam vulcanizer which had an automatic control on the steam 
pressure. The steam in the vulcanizer was maintained at the 
pressure corresponding to the desired vulcanizing temperature. 

Those specimens which were vulcanized in an inert gas were placed 
in a 2-inch pipe, 6 meters in length, which was mounted vertically 
and which was provided with a steam jacket welded around it. 
The specimen was fastened at the top and suspended down the 
length of the pipe. A weight was fastened to the lower end of the 
specimen to keep it from touching the sides. The gas pressure 
around the specimen was kept slightly higher than the steam pressure 
at the vulcanizing temperature. If the pressure on the specimen 
were not kept above the pressure of the steam at the vulcanization 
temperature, the specimen became porous. This porosity was prob- 
ably due to vaporization of the small amount of moisture present in 
the compound. 

The specimens were vulcanized at 150° C for 4 to 15 hours. These 
relatively long times of vulcanization were used to assure the combi- 
nation of practically all the sulphur. 


5. DRYING OF SPECIMENS 


The specimens which were vulcanized in steam were carefully dried 
before electrical measurements were made on them. Two methods 
of drying were used. Some of the specimens were placed in a sealed 
tank in which a vessel of concentrated sulphuric acid had been placed. 
This tank was kept at the temperature of 25° C while the air in it was 
kept stirred by a small fan. The specimens were kept in this tank 
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for 2 or 3 weeks. Other specimens were placed in a vacuum desic- 
cator in which a drying agent had been placed. The desiccator was 
evacuated and the specimens left in this condition for 1 or 1% weeks. 
All the specimens were stored in a dry atmosphere until measurements 
were made. 


IV. APPLICATION OF PRESSURE TO SPECIMENS 


The specimens, each of which was about 6 meters in length, were 
put in the pressure apparatus in such a way that one end was fastened 
to a special plug through which electrical contact was brought to the 
outside of the apparatus. An insulating compound was placed over 
the ends of the specimen to insulate the wire core from the pressure 
medium. The wire was used as one electrode in the electrical measure- 
ments while the pressure medium was used as the other. 


1. APPARATUS FOR APPLYING PRESSURE TO SPECIMENS 


A schematic drawing of the apparatus used for applying hydrostatic 
pressure to the specimens is shown in figure 1. It consisted of 3 
parallel steel pipes 6 meters long of the grade known commercially 
as “double extra heavy.” These pipes were connected together and 
to the pump and pressure gage by means of the proper fittings. The 
free end of each pipe was about 13 cm lower than the other end, which 
allowed the air to be removed from the system at the plug opening at 
the top of the apparatus. 

This apparatus was designed so that either water or mercury could 
be used as the pressure medium around the specimen. The lowest 
pipe was provided for use with mercury. It was made the lowest 
part of the apparatus so that mercury could be placed in it around 
the specimen and yet the pressure could be transmitted from the 
pump to the surface of the mercury by water. The mercury was 
introduced through the opening in the top of the apparatus by means 
of a long-stemmed fennel. An electrical-contact system was used to 
determine when the proper level had been reached. 

To facilitate the making of tight joints lead rings were used in the 
fittings wherever possible. The lead was forced firmly against the 
threads of the pipe by the set screws. Lead rings, however, could 
not be used in the part of the apparatus where mercury was used 
because of the action between mercury and lead. In this case the 
joints were made tight by heating the parts, applying “‘universal’’ 
wax and screwing them together while still hot. It was found possible 
to make the joints so tight that when a pressure of 700 bars *® was 
applied to the system and the valve closed, the pressure would not 
decrease by more than 30 bars in 24 hours. 


2. MOUNTING OF SPECIMENS 


The specimens were mounted as shown in figure 1. The specimen 
exieadel down the length of the pipe and was connected at one end 
to the special plug. This plug, through which electrical contact was 
made to the core of the specimen, was so designed that the insulated 
terminal would not creep under the pressure used. A hard-rubber 
bushing, which was flared at the inner end, was screwed into a hole 


8 A bar is defined as 10 dynes per square centimeter and is equal to 0.987 normal atmosphere. 
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through the center of the steel plug. The bushing extended about 
2% cm beyond the outer end of the steel plug. The insulated terminal 
consisted of a brass rod which was flared on the inner end. This was 
screwed into a hole in the hard-rubber bushing. This terminal ex- 
tended about 24% cm beyond the bushing. A small threaded hole was 
placed in the flared end of the brass terminal and the wire core of the 
specimen was screwed into this. 





7) 


SPECIAL PLUG 
HARD RUBBER BUSHING 
TERMINAL 


GUARD ELECTRODE’ 





SPECIMEN” 
RUBBER SEALS 


” 
a 
WW 
K 
WW 
= 
o 


made on them, 


, ie 


“S'LEAD RINGS 














MERCURY 
































\ 


Od \ 
¥ CQQ]RQQAOAY 


4 


TO 
PRESSURE 
GAGE 
AND PUMP 


Fiaure 1.—Apparatus for applying pressure to rubber specimens while electrical measurements are being 


TO VALVE 


The wire core, which was used as the inner electrode, was effectively 
insulated from the pressure medium at both ends by covering them 
with a thermoplastic insulating (DeKhotinsky) cement or a vulcar- 
ized-rubber mixture. The thermoplastic cement was used in the 
earlier measurements. Rubber was used later because it was found 
to be more reliable and durable. 
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The thermoplastic cement was applied by preheating the parts and 
working the softened material into place. When this material was 
used the coupling as well as the plug was removed from the pipe. 
The core of the specimen was attached to the inner end of the terminal 
in the plug. The coupling and plug were then heated to about 150° C 
and melted cement was poured over the face of the plug and around 
the specimen to a depth of about 2cm. The cement was applied to 
the loose end of the specimen by heating it and working a ball of 
warm cement over it. 

The rubber compound which was used to insulate the ends of the 
specimen core from the pressure medium was a soft, easily worked 
compound designed for rapid vulcanization. When this was used 
only the special plug was removed from the pipe. The end of this 
plug was coated with a thermoprene cement known commercially as 
Vulcalock Cement. After the core of the specimen had been attached 
to the terminal of the plug the soft unvulcanized-rubber compound 
was worked around the specimen and over the end of the plug, as 
shown in figure 1, with the aid of a little heat. A small ball of the 
rubber was also worked over the loose end of the specimen. The 
loose end and the plug were placed in an oven in such a way that only 
a few centimeters of the specimen were exposed to the heat of the 
oven. ‘The oven was kept at a temperature of about 125° C until the 
compound was vulcanized. 


V. ELECTRICAL MEASUREMENTS 


The electrical measurements made on the specimens under pressure 
were the capacitance, power factor, and conductance. 


1. CAPACITANCE AND POWER FACTOR 


The capacitance and power factor were measured at 1,000 cycles 
per second by means of the modified Rosa bridge described by Scott, 
McPherson, and Curtis. The capacitance between the wire core and 
the pressure medium surrounding the specimen was measured by a 
substitution method. Connections were made to the pipes and to the 
insulated terminal of the plug. This measurement included the capac- 
itance in the plug, which was found to be of the order of 3 micro- 
microfarads. This excess capacitance was probably approximately 
counterbalanced by the decrease in capacitance of the specimen due 
to the sealing compound covering short lengths of the specimen at 
each end. About 1 cm was covered at the loose end, while about 1.5 
cm was covered at the other end. While the exact error in capaci- 
tance due to the sealing compounds could not be determined, it was 
opposite in sign to the error due to neglecting the capacitance in the 
plug and it was assumed that the resulting error was negligible in 
comparison to the capacitance of the specimen which was usually 
about 2,000 micromicrofarads. 


2. CONDUCTANCE 


The conductance was measured by means of the direct deflection 
method described by Scott, McPherson, and Curtis."° A potential 
of 300 volts was used for this measurement. The readings were 
taken at the end of 1 minute after the potential was applied. Each 


* BS J. Research 11, 173 (1933) RP585. 
10 See footnote 9. 
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specimen was short-circuited for 2 minutes before a measurement was 
made in order to eliminate the effect of the residual charge from pre- 
vious electrifications. The guard electrode used in this measurement 
consisted of a piece of tinfoil wrapped tightly around the hard-rubber 
bushing as shown in figure 1. A fine wire was wrapped around the 
tinfoil to hold it in place and to afford a means of connecting it to 
the ground. 
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VI. RESULTS 


The results were obtained under several different conditions. 
However, it was not thought advisable to divide the results into 
groups according to the different conditions which existed, since the 
variation between groups was no larger than that between the indi- 
vidual specimens of a single group. The composition of the various 
specimens and the conditions under which they were measured are 
given in table 1. The percentages of sulphur are given in the first 
column and the variety of rubber used is given in the second column. 
The third column gives the number of specimens of each which were 
measured. The kind of wire used as the core is given in the fourth 
column, and the method of vulcanization is given in the fifth column. 
The sixth column shows whether water or mercury was used as the 
pressure medium. The seventh column shows which of the speci- 
mens had the temperature controlled at 25° C during measurement, 
while the last column gives the gage which was used to measure the 
pressure. 

The specimens were made from three varieties of rubber as was 
mentioned previously. No consistent difference between the speci- 
mens made from upriver fine Para and smoked sheet could be 
observed. As pointed out by Scott, McPherson, and Curtis the elec- 
trical properties of specimens made from purified rubber were slightly 
different from those made from unpurified rubber."' However, it was 
found that the change with pressure was about the same regardless 
of whether the rubber was purified or not. Because of this fact and 
because only four specimens made from purified rubber were meas- 
ured, the results for these specimens were not grouped separately. 

Two kinds of wire were used in preparing the specimens. Tinned 
copper wire was used in the earlier specimens, but when it was found 
that the tinning did not prevent action between the copper and the 
sulphur in the rubber, this was discarded in favor of aluminum wire. 
Comparison of results, however, failed to disclose any consistent differ- 
ence between specimens made with the two kinds of wire. 

Most of the pressure measurements were made with a pressure 
gage of the Bourdon tube type. This instrument was found to have 
errors as large as 10 percent which depended on whether the pressure 
had just been increased or decreased. The pressures were measured 
with the more accurate resistance pressure gage, described in # former 
paper, when this instrument became available.” However, measure- 
ments were made with this gage in only four cases. The measure- 
ments made with the Bourdon tube gage were corrected as best they 
could be but the inaccuracy of the pressure measurements is one of 
the sources of error in the results. 


1! BS J. Research 11, 173 (1933) RP585. 
2 J, Research NBS 14, 99 (1935) RP760. 
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TABLE 1.—Composition of specimens and conditions of measurement 








Num- 
Com- Tempera- 
bined Rubber used ber of Wire core Vulcanized} Pressure ture Pressure 
sulphur — in— medium | control gage 
Percent 
0 Fine Para-...---- 1 | Copper Mercury-.-| None..-.. Bourdon. 
ee he | RS ee fp SR d sia as arth 09 in wietbe= Do. 
© fuics WR Sistine ccineided ie cere SES? “<taERe RAS | Do 
SF Pad | ROS hh oan Water-....- et ate Do. 
»5 Smoked sheet. - - - ig AR = ade baie en Na wi Do. 
5.4 |... gg re ele A » i SR aee MEM iis Kein Se Ree Do. 
6 Fine Para....-..- 3 te 5 Mercury.-/|...do-...-.-- Do. 
6 PUTINOG . .5.04<-- 1} Aluminum.. Sr EES: ht : Resistance. 
oe  Webaae chit Sinsation  Teagoe d =e She 4 2 in SA ee nas 0. 
8 Fine Para.....-.- a Re d ee at ee None-.--- Bourdon. 
Mies Ni oes dapat 1 | Copper. Steam. a * eRe i | Shoe Do. 
*&.5 | Smoked sheet_-... B heucas d Water.__-. Sy eee Do. 
ee ee Se p | ieee ee | eee Re Do. 
10 Fine Para---.--.-- | Se Mercury. .-|.-.do.....- Do. 
ee EE RE STS 1 | Aluminum.. ae” eee CMe eas Do. 
10 Purified... ........ Bilan can d a” SEE 267 ©........ Resistance. 
11.5 | Smoked sheet--..- 1 | Copper Water.._-. None.--..-- Bourdon. 
12 waree:< <<< <==: 1 | Aluminum..- Mercury-.-| 25° C....-- Resistance. 
12 Pee Pera.......- +) bee d ae None..-..-- Bourdon. 
»13 Smoked sheet. -.- 1 | Copper Steam. Water....- a Sa ee Do. 
13.6 | Fine Para..--.--- 5. mae d Mercury.-}...do....-- Do. 
ey yee ES 1 | Aluminum. ee Sy ee EEE: Do 
» 14.5 | Smoked sheet--.-- 1 | Copper ater....- icine Do. 
16 Fine Para..--.-..- Rh ead Mercury.-|...do..-.--.- Do. 
>16 Smoked sheet....- 1. Beare Water-....- ae Ree Do 
097.8 lesa |_ RERRY Re | ee ao ecko La A iciaaisben Do 
18 Fine Para. -.--.--- Riizcxs Mercury--|.-.do-.--.-- Do. 
ag ee MASS! CESK: > Water-_--- ee es Do 
a ee SS |, eae” Mercury.-|-..do.-_-.--- Do. 
ee Sone RE ES 1 | Aluminum.-. ae ° Sa “Eee Do. 
b19 Smoked sheet-.... 1 | Copper Water....- ie pee Do. 
20 Fine Para-.--...-- ee G) Mercury.-|-..do...-.- Do. 
2 tie RES EE ) ae eT — Do 
b 24 Smoked Sheet--.- | Water-__._- SP | See Do 
26 Fine Para......-- BR itshicad Mercury.-|.-.do..-..-- Do. 
a Re Senne sein ccischotaie a “See Do. 
32 Smoked sheet-..-  } Water-....- euvinwes Do 





























* The sulphur content was assumed to be that which was mixed into the compound in all cases, except 
for 4.9, 5.4, and 18.1 percent ofsulphur. These specimens were analyzed for sulphur when it was discovered 
that sulphur migrated to the talc during vulcanization in steam. The other specimens vulcanized in steam 
were not then available for analysis. 

» These specimens were not measured through a pressure cycle until after they had been under pressure 
for about a month. 


Another source of error in the results is the lack of temperature 
control. Most of the measurements had been made before the impor- 
tance of temperature control was realized. Only the last four speci- 
mens were measured under controlled-temperature conditions. The 
temperatures of the other specimens varied from 18.5 to 26.5° C. with 
most of the measurements being made at temperatures between 20 
and 22° C. 

The two pressure media, water and mercury, were used so that the 
possible effect of water absorption might be studied. Measurements 
with mercury as the pressure medium gave results for the specimen 
in the dry condition. With water as the pressure medium the effect 
of progressive water absorption could be studied. 


2. DIELECTRIC CONSTANT 


The effect of pressure on the dielectric constant is shown in figure 2, 
where the dielectric constants at atmospheric pressure (approximately 
1 bar) and 700 bars are plotted as functions of the sulphur content. 
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These curves were obtained from measurements made on the 34 speci- 
mens immediately after they had been placed in the apparatus. The 
curve for 1 bar is the same as that reported in the paper by Curtis, 
McPherson, and Scott." The irregularity of the measured values at 
1 and 700 bars is about the same. At 700 bars two-thirds of the speci- 
mens yielded values which agreed with the values given by the curve 
within 1 percent. The difference was greater than 2 percent in only 
six cases. The maximum difference was 6 percent which was obtained 
for the specimen containing 18.1 percent of sulphur. 

Increasing the pressure moved the maximum to lower percentages 
of sulphur and decreased the height of the maximum. This is the 
same effect as was obtained by decreasing the temperature as reported 
by Scott, McPherson, and Curtis. A change of 700 bars pressure 
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Figure 2.—Change of the dielectric constant of rubber-sulphur compounds with 
sulphur content, at 1 and at 700 bars. 


had the same effect as a change in temperature of 12 to 20° C., the 
average being about 16° C. The dielectric constant for specimens 
containing up to about 7.5 percent of sulphur was increased slightly 
by pressure. For higher percentages of sulphur the dielectric constant 
was decreased by pressure. The maximum change with pressure 
occurred for about 12 percent of sulphur, while for 32 percent of 
sulphur the decrease with pressure was small. 

The dielectric constant was, in most cases, a linear function of the 
pressure between 1 and 700 bars pressure. There were two ranges of 


13 BS Sci. Pap. 22, 398 (1927) S560. 
14 BS J. Research 11, 173 (1933) RP585. 
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sulphur content where it was not a linear function of the pressure, one 
range being between about 8 and 10 percent of sulphur and the other 
being between about 16 and 24 percent of sulphur. The results for 
a few representative specimens are shown in figure 3 where the diclec- 
tric constants are plotted against the pressure. Two of these, 0 and 4 
percent of sulphur, were selected from the sulphur range where the 
dielectric constant was increased by pressure. The total increase for 
a pressure change of 700 bars was small, but the increase of the dielec- 
tric constant with pressure was uniform. The specimen containing 
8 percent of sulphur came at about the boundary between the sulphur 
range where the dielectric constant increased with pressure and the 
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Figure 3.—Change of the dielectric constant of various rubber-sulphur compounds 
with pressure. 


sulphur range where the dielectric constant decreased with pressure. 
This was also in one of the ranges where the dielectric constant was 
not a linear function of the pressure. The change with pressure was 
small for this specimen but was larger at the high pressures than at 
the low pressures. Three specimens, 12, 16, and 32 percent of sul- 
phur, were selected from the sulphur range where the dielectric con- 
stant decreased with pressure. Por 12 and 32 percent of sulphur, the 
dielectric constant was a linear function of the pressure, but for 16 
percent of sulphur, the change with pressure became less as the 
pressure was increased. 
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The specimens for which water was used as the pressure medium 
were kept under pressure for a month or more to determine the effect 
which this would have on the change of the electrical properties with 
pressure. It was found that for the specimens containing low per- 
centages of sulphur the electrical properties changed with time under 
pressure, but that for specimens containing over 18 or 20 percent of 
sulphur there was little change. The results for two representative 
specimens are shown in figures 4 and 5. Figure 4 shows the change 
of the dielectric constant of specimens containing 4.9 and 32 percent 
of sulphur with time under 655 bars pressure. The dielectric con- 
stant of the specimen containing 4.9 percent of sulphur increased 
rapidly with the time under pressure for the first few days, after 
which the change with time became much less. This curve is similar 
to the one published by Curtis and McPherson " for a flat specimen 
at atmospheric pressure, except that a period of days was required 
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Ficure 4.—Change of the dielectric constant of two rubber-sulphur compounds with 
time under 656 bars pressure in water. 


for. the dielectric constant to approach constant value while only 
hours were required in the case of the flat specimen. This difference 
in time may, in part, be accounted for by the fact that the flat speci- 
men was thinner than the cylindrical specimen and that it was exposed 
to water on both sides while the cylindrical specimen had only one 
surface exposed to the water. The difference in composition of the 
specimens may have been an added factor in this difference in time. 

he curve in figure 4 is of the same type as that obtained by Lowry 
and Kohman " for absorption of water under pressure. The change 
of the dielectric constant with time under pressure, therefore, seems 
to be a function of the water absorption alone. 

The dielectric constant of the specimen containing 32 percent of 
sulphur did not change materially with time under pressure. This 


6 Tech. Pap. BS 19, 718 (1925) T299. 
% J, Phys. Chem. 31, 23 (1927). 
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was to be expected if the dielectric constant is a function of the water 
absorption, since hard rubber absorbs very little moisture. 

Figure 5 shows the manner in which the dielectric constant of the 
specimen containing 4.9 percent of sulphur changed with pressure 
after various lengths of time under pressure in water. The curves are 
practically anal: which shows that the effect of pressure is about the 
same regardless of the time that the specimen has bese under pressure. 
If the only effect of continued pressure under water is the absorption 
of water by the rubber, then this is equivalent to saying that the 
effect of pressure is about the same regardless of the amount of water 
absorbed. The dielectric constant of the specimen containing 32 
percent of sulphur changed so little with time under pressure that no 
— showing the effect of pressure are given other than the one in 

gure 3. 

A few specimens were kept under pressure in mercury for about a 
month. The dielectric constant increased only slightly during this 
time and this small change was probably not significant. 
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Ficure 5.—Change of the dielectric constant of a specimen containing 4.9 percent 
of sulphur with pressure after different lengths of time under 656 bars pressure. 


A, at beginning; B, after 6 days; C, after 18 days; D, after 33 days. 
2. POWER FACTOR 


The effect of pressure on the power factor is shown im figure 6 
where the power factors at 1 and 700 bars are shown as functions of 
the sulphur content. These curves were drawn as average curves 
through the plotted points. The irregularity of the power factor 
values was large compared with the irregularity of the dielectric 
constant values. Of the 34 specimens which were measured, 10 had 
values of the power factor which differed from the values on the curve 
by more than 20 percent. Of these, 5 differed by more than 40 per- 
cent. Two of these latter specimens, 1 of which contained 6 percent 
of sulphur and the other 18.1 percent of sulphur, had power factors 
which differed from the values on the curve by about 85 percent. 
This irregularity was larger than was obtained for the flat specimens 
at atmospheric pressure. 











26 Journal of Research of the National Bureau of Standards voi. 15 

Increasing the pressure moved the maximum to lower percentages 
of sulphur. The height of the maximum apparently was not changed 
by pressure. This was the same type of sleewia that was observed 
by Scott, McPherson, and Curtis for a change in temperature.!’ 
The amount of the change brought about by an increase of 700 bars 
was about the same as was obtained for the temperature changes 
determined for the dielectric constant. 

Although the irregularity of the measured values was large, the 
character of the change with pressure was consistently that repre- 
sented by these curves. The power factors of all the specimens con- 
taining up to 2 percent of sulphur were very nearly independent of 
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Fiagure 6.—Change of the power factors of rubber-sulphur compounds, at 1 and at 
700 bars, with sulphur content. 


pressure. The power factors at 700 bars were higher than those at 
1 bar for all the specimens containing from 4 to about 12 percent of 
sulphur, while for percentages of sulphur higher than this, the power 
factors at 700 bars were lower than at 1 bar, with one exception. 
The values of the power factors of specimens containing 13.5 percent 
of sulphur increased with pressure at the low pressures and decreased 
with pressure at high pressures, so that the values at 700 bars were 
about those at 1 bar. This does not agree with figure 6. 


17 BS J. Research 11, 173 (1933) RP585. 
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The power factor was a nonlinear function of the pressure in most 
cases for pressures between 1 and 700 bars. The manner in which 
the value of the power factor varied with the pressure is shown in 
figure 7 where the power factors for a few representative specimens 
are plotted against the a The specimen containing no sul- 
phur was selected from the sulphur range where the power factor was 
unaffected by pressure. The specimens containing 4 and 8 percent 
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Figure 7.—Change of the power factors of various rubber-sulphur specimens with 
pressure. 


of sulphur were selected from the range where the power factor in- 
creased with pressure. The curves for these are concave upward. 
The specimen containing 12 percent of sulphur was in the range 
where the power factor passed through a maximum with pressure. 
The curve for this specimen is concave downward and the maximum 
occurs at about 250 bars. The specimens containing 16 and 32 
percent of sulphur are from the sulphur range where the power factor 
decreased with pressure. The curve for 16 percent of sulphur is 
concave downward while that for 32 percent of sulphur is concave 
upward. In only one other case beside those for 0 and 2 percent of 
sulphur was there indication that the power factor was a linear func- 
tion of the pressure. The power factors of 2 of the specimens con- 
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taining 10 percent of sulphur were linear functions of the pressure. 
The power factor of the third, which was made from purified rubber, 
was not a linear function of the pressure and its curve was concave 
downward. 

The change of the power factor with time under a pressure of 655 
bars in water is shown for two specimens in figure 8. The power 
factor of the specimen containing 4.9 percent of sulphur increased 
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Fieure 8.—Change of the power factors of two rubber-sulphur specimens with time 
under 655 bars pressure. 


for a few days and then decreased to a value lower than that at the 
beginning. This curve is similar to the one published by Curtis and 
McPherson for a flat specimen.’* However, the time to reach maxi- 
mum was quite different in the two cases. It required only about 10 
hours to reach maximum for the flat specimen, but required about 
9 days for the cylindrical specimen under pressure. As explained in 
the case of the dielectric constant, the difference in time may be 
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Ficure 9.—Change of the power factor of a rubber-sulphur specimen containing 4.9 
percent of sulphur with pressure after different lengths of time under 655_bars 
pressure. 


A, at beginning; B, after 6 days; C, after 18 days; D, after 33 days. 
due to the difference in shape and composition. The power factor 
of the specimen containing 32 percent of sulphur did not change 
“7 with time under pressure. 
he manner in which the power factor of the specimen containing 
4.9 percent of sulphur changed with pressure after various periods 
under pressure is shown in figure 9. These curves are slightly con- 


18 Tech. Pap. BS 19, 718 (1925) T299. 
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cave upward but are approximately equidistant from each other at 
all pressures. Thus, the only effect of time under pressure was to 
change the values but not to change the slopes of the curves. The 
curves for the specimen containing 32 percent of sulphur were prac- 
tically unaffected by time under pressure and so no curves are shown 
for it, except the one in figure 7. 


3. CONDUCTIVITY 


The effect of pressure on the conductivity is shown in figure 10 
where the conductivities at 1 and 700 bars are shown as functions of 
the sulphur content. These curves show the general average of values, 
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Fiaure 10.—Change of conductivities of rubber-sulphur compounds at 1 and 700 
bars with sulphur content. 


although the irregularity of the measured values was large. About 
half of the specimens had measured conductivities which differed at 1 
or 700 bars from the curve values by more than 40 percent. Of these, 
5 specimens had conductivities which differed from the curve values 
by more than 60 percent. In one case the difference was more than 
80 percent. The conductivity of the single specimen containing no 
sulphur at 1 bar exceeded the value shown on the curve by about 
230 percent. The value shown on the curve is in agreement with the 
measurements on flat specimens. 
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The maximum of the conductivity curve was moved to lower per- 
centages of sulphur by increased pressure as were the maxima for 
dielectric constant and power factor. This change is in the same 
direction as was obtained by Scott, McPherson, and Curtis, for a 
decrease in temperature.’* The change with pressure at low per- 
centages of sulphur has no counterpart in the change with temperature 
as observed by them, since the conductivities of the specimens made 
from purified rubber, which they used, were about as low in the low- 
sulphur range as in the high-sulphur range. 

Although the irregularity in results was large, the sign of the change 
with pressure was nearly always that indicated by the curves. The 
conductivity at 700 bars was lower than at 1 bar for all specimens 
containing up to 10 percent of sulphur and above 19 percent of sul- 
phur. For 12 percent of sulphur, the conductivity did not change 
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Figure 11.—Change of the conductivity of various rubber-sulphur specimens with 
pressure. 


with pressure. For specimens containing 13.5 to about 19 percent 
of sulphur, the conductivity at 700 bars was higher than at 1 bar, 
except for the specimen containing 18.1 percent of sulphur. 

The general manner in which the conductivity changed with pres- 
sure between 1 and 700 bars is shown in figure 11, where the conduc- 
tivities of a number of representative specimens are plotted against 
the pressure. The specimen containing 4 percent of sulphur was 
selected from the low-sulphur range, where the conductivity decreased 
with pressure. The curve for this specimen is concave upward, as 
are the curves for all the specimens except one in this range. The 
curve for one of the specimens containing 2 percent of sulphur was 
apparently a straight line. The specimen containing 12 percent of 
sulphur came between the two ranges, in one of which the conduc- 
tivity decreased with pressure and in the other increased with pressure. 


19 BS J. Research 11, 173 (1933) RP585. 
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The conductivity of this specimen was independent of pressure. 
The specimen containing 16 percent of sulphur was selected from the 
sulphur range where the conductivity increased with pressure, and 
the specimens containing 22 and 32 percent of sulphur were selected 
from the high-sulphur range where the conductivity decreased with 
pressure. Except in the first range, the conductivity was generally 
a linear function of the pressure. The few exceptions are probably 
not significant since duplicate specimens would have conductivities, 
one of which was a linear and the other a nonlinear function of the 
pressure. 


4. DIELECTRIC CONSTANT, POWER FACTOR, AND CONDUCTIVITY 
OF GUTTAPERCHA 


Two specimens of the guttapercha used in cable manufacture were 
measured under pressure in water. The results are shown in figure 
12 for comparison with the results on the rubber-sulphur compounds. 
The dimensions were not corrected for compression of the guttapercha 
since it was not known. It probably would not decrease the dielectric 
constant at 700 bars by more than 2 percent. The correction for 
conductivity would be less than the experimental error. It is seen 
that the dielectric constant is not greatly affected by pressure. The 
power factor increased with pressure while the conductivity decreased 
with pressure. 


VII. DISCUSSION OF RESULTS 


This investigation has been in progress over a number of years and 
during that time several improvements in technique and methods of 
measurement were made, as described above. It was not practical 
to make a complete set of measurements under the improved condi- 
tions. It is therefore necessary to keep in mind the variation in 
conditions in studying the results. 

The values of the dielectric constant were the most consistent of 
the electrical properties measured. As mentioned above, the meas- 
urements under pressure were made at room temperature for the 
most part. A study of the change of the dielectric constant with 
temperature led to the conclusion that the irregularities of the tem- 
perature could not explain the irregularities in the dielectric constant. 

The irregularity in the power factor determinations was very large 
compared with that of the dielectric constant and was much larger 
than was obtained by Scott, McPherson, and Curtis in their work 
with the flat specimens at atmospheric pressure.” A consideration 
of the temperatures at which the measurements were made led to the 
conclusion that only a part of the irregularity in power-factor deter- 
minations could be accounted for by the diversity of temperatures. 

It is possible that a part of the irregularity observed in the values 
of the electrical properties is due to an inaccurate assignment of com- 
position. The amount of sulphur in the specimen was assumed to be 
that which was put into the mixture. Late in the investigation it 
was found that in some cases significant amounts of sulphur migrated 
from the rubber compound into the tale during vulcanization in steam. 
Thus, the composition of the cylindrical specimen was not the same 
as the flat specimen made from the same batch of mixture. Most of 


* BS Sci. Pap. 22, 398 (1927) S560. 
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the specimens had deteriorated so badly that they had been discarded 
before it was realized that an analysis should have been made. The 
six specimens that were vulcanized suspended in an nert gas suffered 
no significant loss of sulphur during vulcanization. The assigned 
sulphur contents of the others may be in error by varying amounts. 
Even this, however, would not explain all the irregularity in the re- 
sults of the power factor determinations. In two cases, supposedly 
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Figure 12.—Change of the dielectric constant, power factor, and conductivity of 
guttapercha with pressure. 


identical specimens having about the same value of the power factor 
at 1 bar had quite different values at 700 bars. 

The irregularity in the results of the conductivity determinations 
was no greater than might be expected from such measurements. It 
is significant, however, that the value of the conductivity decreased 
with pressure in rather definite sulphur ranges and increased with 
pressure in other ranges. 
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Only a negligible part of the power factor can be accounted for by 
the 1-minute conductivity. Assuming the specimen having the high- 
est conductivity to be a perfect capacitor in parallel with a conduct- 
ance equal to the 1-minute conductivity of the specimen, the com- 
puted power factor due to this conductance would be about 1X10~°. 
This is about \ooo of the lowest power factor which was measured. 

The outstanding feature of these results is that the effect of pressure 
is not the same for all ranges of sulphur content. Each of the three 
electrical properties measured increased with pressure in certain 
sulphur ranges and decreased with pressure in other ranges. The 
changes were such that the maximum for each property was moved 
to lower percentages of sulphur with increased pressure. It is quite 
evident from this that some phenomenon other than a change in 
density is occurring. 

These results can be qualitatively explained by the dipole or an 
equivalent theory as first suggested by Kitchen to explain the changes 
with temperature.” Under the dipole theory, the curves for dielectric 
constant in figure 2 are explained as follows: The rubber molecule is 
nonpolar. The addition of sulphur to the rubber molecules produces 
dipoles which presumably reside in the carbon-sulphur linkages and 
which thus increase the dielectric constant by amounts which are 
proportional to the combined sulphur. This explains the linear rela- 
tionship between the dielectric constant and percentage of sulphur be- 
tween 0 and about 9 percent of combined sulphur at the pressure of 
1 bar. However, the hardness of the rubber also increases with the 
sulphur content. This increases the restrictive forces on the dipoles 
and at certain percentages of sulphur these forces seriously interfere 
with the motions of the dipoles so that they cannot readily follow the 
electric field at the frequency used in the measurement of the dielectric 
constant. Thus, the dielectric constant is not as large as it would be 
if the dipoles were able to move freely. As still more sulphur is added 
the rubber becomes harder, the motions of the dipoles are more 
restricted and the dielectric constant is thus decreased, although the 
number of dipoles has been increased. When sufficient sulphur has 
been added so that the restrictive forces on the dipoles allow only a 
negligible motion of the dipoles, the dielectric constant is due only 
to the separation of the charges in the atom and the relatively flat 
portion of the curve above about 19 percent of sulphur at 1 bar is 
obtained. 

Scott, McPherson, and Curtis have shown that this curve is modi- 
fied by changes in temperature.” The maximum is decreased and 
moved to a lower percentage of sulphur by a decrease in temperature. 
The same effect was produced by an increase of pressure as is shown in 
figure 2. Decreasing the temperature and increasing the pressure 
both make the rubber harder, which means that the restrictive 
forces on the dipoles have been increased. In the low-sulphur range 
the restrictive forces are still negligibly small for the frequency used. 
The dielectric constant in this range is slightly increased by a decrease 
of temperature or an increase of pressure because of the closer packing 
of the molecules. In the sulphur range where the restrictive forces 
are large enough to appreciably interfere with motions of the dipoles, 
that is, above about 8 percent of sulphur, an increase of the restrictive 


“J. Am. Inst. Elec. Eng. 48, 281 (1929). 
2 BS J. Research 11, 173 (1933) RP585. 
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forces, brought about by a decrease in temperature or an increase in 
pressure, materially decreases the motion of the dipoles, thereby de- 
creasing the dielectric constant. 

On the basis of the dipole theory, the part of the power factor 
represented by the peaks in the curves in figure 6 is due to the dipoles. 
The energy loss in the dielectric, which is due to the dipoles, is pro- 
portional to the product of the amount of motion of the dipole and 
the resistance to motion which it encounters. Thus, at low per- 
centages of sulphur, the dipole contributes a negligible amount to the 
power factor since the restrictive forces on the dipole are negligible 
and the dipole rotates freely with the electric field. The low power 
factor which is obtained is due to other causes. At high percentages 
of sulphur the dipole contributes a negligible amount to the power 
factor since the restrictive forces are so great that only negligible 
motion of the dipole is possible. Here, again, the low power factor 
which is obtained is due to other causes. In the intermediate-sul- 
phur range where motion of the dipole and an appreciable resistance 
to its motion are both present, the power loss due to the dipole is added 
to the loss due to other causes and a peak is obtained in the power- 
factor curve. 

The peak of the power-factor curve is modified by temperature in 
a& manner similar to pressure. Scott, McPherson, and Curtis have 
shown that the maximum is moved to a lower percentage of sulphur 
by a decrease in temperature. It will be seen, from figure 6, that an 
increase in pressure gives the same effect. On the low-sulphur side 
of the peak, where the restrictive forces are so small that the dipoles 
are still able to approximately follow the electric field, an increase in 
the restrictive forces increases the power factor. On the other side 
of the peak, where the restrictive forces are so large that the dipoles 
can only partially follow the electric field, an increase in the restrictive 
forces materially decreases the motions of the dipoles, thereby de- 
creasing the power factor. 

The similarity of the behavior of the maximum for the conductivity 
to that of the power factor suggests the idea that the part of the con- 
ductivity represented by the maximum might be due to dipole motion, 
This would mean that for certain values of the restrictive forces the 
dipoles rotate so slowly under the force of the applied field that they 
are still yielding at the end of 1 minute. The change of the restrictive 
forces on the dipoles by temperature or pressure changes would move 
the maximum in a manner similar to that shown in figure 10. The 
high values of the conductivity at the low percentages of sulphur are 
probably due to impurities which can be eliminated by purification of 
the rubber, since the curve for the conductivity of specimens made 
from purified rubber and sulphur given by Scott, McPherson, and 
Curtis does not rise appreciably at the low-sulphur end. 


Wasuineton, March 13, 1935. 
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IRON GALLATE INKS—LIQUID AND POWDER 
By Elmer W. Zimmerman 





ABSTRACT 


A study was made of iron gallate ink that contained 3 grams of iron per liter. 
Both ferric and ferrous salts and various solid acids were used. Three ink 
formulas were devised, one for ferric and two for ferrous salts. These inks do 
not deposit sediment readily and they are a little Jess corrosive to steel pens 
than the Government standard writing ink. Two of the formulas can be used 
to prepare ink powders that will comply with the[\requirements of Federal 
Specification TT-I-—563, Ink; Writing. 
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I. INTRODUCTION 


Writing ink purchased by the U. S. Government under the specifi- 
cation ' for this material is most commonly obtained in liquid form 
ready for use. The specification also includes ink in the form of a 
concentrated liquid or a powder. Concentrated inks have been 
used to some extent because their compactness facilitates distribu- 
tion from a central purchasing agency. Ink powders are preferred 
for the same reason, but prior to 1932 all the powders submitted for 
tests failed to comply fully with the requirements of the specification. 
Some powders produced ink that was not of the iron gallotannate 
type, while the ink made from those which were of the iron gallo- 
tannate type lacked sufficient stability. 

Writing inks purchased under the specification have not always 
given satisfactory service. The U.S. Post Office Department has 
complained at various times about the excessive corrosion of steel 
pens caused by the ink used in their stations. As a result, a general 
study of writing inks was undertaken in an attempt to prepare one 
that would be less corrosive to steel pens than the standard ink, 


1 Federal Specification T’'T-I-563, Ink; Writing (see table 1 for formula). 
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and which could be prepared in the form of a powder and still comply 
with the requirements of the specification. 

An iron gallotannate ink is considered permanent because it con- 
tains iron. If and when the black iron tannate or gallate decomposes, 
the iron remains and can be used to restore the writing. The stand- 
ard writing ink contains 3 g of iron per liter, and in order to have 
all the experimental inks on the same basis, this figure was used 
throughout the work. With this concentration of iron as a startin 
point, the other ingredients necessary to make an ink were studied 
by varying their concentrations or by substituting different types of 
materials. The characteristics of the experimental inks were deter- 
mined by using the tests described in the specification. An attempt 
was made to evaluate the stability in terms of the number of days 
required for sediment to appear. The results obtained for any one 
ink were not strictly reproducible, but in testing a series of inks 
simultaneously, the results always placed the inks in the same order 
of stability. Finally three inks weve prepared which were less 
corrosive to steel pens and more stable than the standard writing ink. 


II. EFFECT OF ALTERING COMPOSITION WITH RESPECT 
TO CERTAIN INGREDIENTS 


1. PHENOLIC BODY 


The formula for the U. S. Government standard writing ink was 
derived from the formula for the standard record ink by halving the 
quantities of all the materials except the dye and phenol. The 
formula for standard record ink is almost identical with the one 
recommended by O. Schluttig and G. S. Neumann,? who made a 
very careful study of the subject. 

Schluttig and Neumann showed that ink made with gallic acid 
produces writing that darkens more than that produced by ink 
made with other phenolic materials that give colored compounds 
with ferric salts. Since the amount of gallic acid they needed to 
prepare a liter of ink was larger than the amount of this substance 
that wouid dissolve in a liter of water, tannic acid was added to 
make up the difference. In their final ink, Schluttig and Neumann 
used 23.4 g of tannic acid and 7.7 g of gallic acid, with 30 g of ferrous 
sulphate, in 1 liter of ink. This ink contained 1.05 gram-moles of 
phenolic compounds for every gram-atom of iron. 

Silbermann and Ozorovitz* made a study of iron gallates and 
prepared a compound requiring 1 gram-mole of gallic acid for every 
gram-atom of iron. Their object apparently was to study the iron 
gallate compounds in the ink before it was put on paper. 

Some time later F. Zetsche * and his collaborators made a study of 
written characters. Their approach involved an oxidation reaction 
taking place in a dilute solution. The ink compound which they 
prepared from gallic acid was formed from 1 gram-mole of gallic acid 
and 1 gram-atom of iron. In order to check this point for the present 
work, two preparations were made. In the first, equimolecular 
quantities of ferric chloride and gallic acid were dissolved separately 
in alcohol and these solutions were mixed. In the second, 2 moles of 


2 Die Eisengallustinten, v. Zahn & Jaensch, Dresden (1890). 
3 Bucarest. Bul. soc. stiinte 17, 43-57 (1908); Chem. Zentr. 1908 II, 1024. 
4 Ann. Chem, 435, 233 (1924). 
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ferric chloride and 1 mole of gallic acid were used. Both precipitates 
contained approximately the same proportion of iron, which corre- 
sponded to the theoretical amount of iron in ferrigallic acid. 

Inks have been made which contain a higher concentration of 
allic acid than could be possible if the solubility of this material 
in water were the controlling factor. The U.S. Government formerly 
bought ‘Treasury Standard” copying ink that was based on a 
formula requiring 15.4 g of gallic acid per liter. An experimental 
ink showed that as much as 18 g of gallic acid can be dissolved in a 
liter of water containing 15 g of ferrous sulphate. Only 10 g of 
gallic acid is necessary if the ink is to contain 3 g of iron per liter. 

It is well known that gallic acid inks have better keeping qualities 
than inks made with tannic acid, and since a sufficient quantity of 
gallic acid can be dissolved in a solution containing ferrous sulphate 
equivalent to 3 g of iron per liter, to make an ink, it is logical to 
eliminate the tannic acid. Inks prepared with decreasing amounts 
of tannic acid accompanied by increasing amounts of gallic acid 
were tested for stability, and the results are given in table 1. Those 
inks which contained gallic acid without tannic acid had the best 
keeping qualities. 


TABLE 1.—Effect of gallic and tannic acid on stability of ink 
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* Standard ink is similar to this formula, excepting that 12.5 g of dilute U. 8. P. hydrochloric acid is 
substituted for tartaric acid, and 3.5 g of dye and 1 g of phenol are added. 
>» +=test was stopped before sediment appeared. 


F. F. Rupert ® found that inks containing gallic acid without 
tannic acid had a very low permanence when exposed to the weather. 
In the present work the relative permanence of the standard ink, which 
is essentially a tannic acid ink, and of inks containing only gallic 
acid was tested by exposing stripes in a Fade-Ometer for 150 hours. 
Both types of ink seemed to have the same degree of permanence. 


2. IRON SALT 


Ferrous sulphate is probably the only ferrous salt used in the 
preparation of ink. The pure heptahydrate is not hygroscopic, and 
it does not oxidize readily in air. These properties indicate the 
possibility of using this material for the preparation of ink powders. 
The ferrous sulphate used in this work was freed from ferric com- 
pounds by precipitation with alcohol.’ 

* Cir. BS C400, 7 (1983). 


‘Ind. Eng. Chem. 15, 489 (1923). 
’E. Thorpe, Dictionary of Applied Chemistry 3, 681. (Longmans, Green & Co., London, 1922). 
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Ferric salts have also been used in inks. The effect of substituting 
an equivalent amount of ferric sulphate for ferrous sulphate is shown 
by comparing the corrosiveness of inks 9 and 10 in table 2. Since 
it is known that the dye has no corrosive effect, the increase in corro- 
siveness is due to the use of ferric sulphate. Apparently it is imma- 
terial which ferric salt is used. Inks prepared respectively with 
ferric chloride, ferric chlorosulphate, or ferric sulphate showed no 
marked differences in keeping qualities or corrosion of steel pens. 
B. Walther * published several formulas for inks containing ferric 
chlorosulphate hexahydrate, a patented salt which is not hygroscopic. 
This salt was most successfully prepared by oxidixing an aqueous 
solution of ferrous sulphate with chlorine gas. The product con- 
tained less water than the hexahydrate, but in other respects the 
analysis checked with the theoretical formula. 

Ferric sulphate was used to prepare the ferric inks because this 
material is not as hygroscopic as ferric chloride and it can be obtained 
more readily than ferric chlorosulphate. Since the ordinary reagent 
grade of ferric sulphate is not anhydrous, the material was analyzed 
for iron, and a sufficient quantity to give the desired amount of iron 
was used. 

In the preparation of ink powders, materials that do not take up 
sufficient water to cause the prepared powder to form a cake are 
desired. In order to determine the behavior of those iron salts which 
seemed likely to fulfill this requirement, three powders were prepared, 
using ferrous sulphate crystals in the first, ferric sulphate in the 
second, and ferric chlorosulphate in the third. These powders were 
put in open test tubes and kept in an atmosphere of 50 percent 
relative humidity. The powder containing ferric chlorosulphate 
began to form a cake after 1 month, whereas the other two were still 
loose after 2 months. With moderate protection from atmospheric 
moisture, either ferrous sulphate crystals or anhydrous ferric sulphate 
is suitable for making ink powders. 
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3. STABILIZING AGENT 


Inks contain acids to improve their keeping qualities. In general 
the acid prevents the formation of the basic iron salt, which is more 
readily oxidized than the normal compound. J. W. McBain ° points 
out that sulphuric acid tends to improve the stability of ferrous 
sulphate solutions, whereas hydrochloric acid has the opposite effect 
on solutions of ferrous chloride. No information was given on the 
behavior of ferrous sulphate solutions containing hydrochloric acid, 
but it seems reasonable to believe that the behavior of this combina- 
tion ought to be similar to that of the ferrous chloride solution con- 
taining hydrochloric acid. In an ink, the difference in the effect of 
hydrochloric and sulphuric acids is not noticeable, and for all prac- 
tical purposes they may be interchanged, but from the above infor- 
mation it seems advisable to use sulphuric acid instead of hydro- 
chloric acid. Tartaric, citric, and succinic acids were also used as 
stabilizing agents, and the resulting inks had practically the same 
keeping qualities as the standard ink. Of these three, tartaric acid 
was preferred because it is cheaper than the others. Oxalic acid 
cannot be used in inks containing ferrous salts because it precipitates 


§ Chem.-Ztg. 45, 842 (1921). 
*J. Phys. Chem. 5, 623 (1901) 
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the iron as ferrous oxalate. This acid can, however, be used with 
ferric salts. Walther’s formulas for inks containing ferric chloro- 
sulphate require oxalic acid. 

he amount of acid used in the standard writing ink was originally 
the result of a compromise between stability and corrosion of steel 
pens. Since the keeping quality of an ink is increased by replacing 
the tannic acid with gallic, the amount of stabilizing acid can be 
decreased, and the resulting ink will be less corrosive to steel pens. 
The amount of hydrochloric acid in the standard ink is chemically 
equivalent to 2.58 g of tartaric acid or 2.16 g of crystallized oxalic 
acid. Since solid materials are necessary in the preparation of ink 
powders, these two acids were used as stabilizing agents instead of 
hydrochloric acid or sulphuric acid. The amount of tartaric acid 
necessary to stabilize a ferrous ink that contains only gallic acid i “ 
shown in table 2 by comparing the results of tests made on inks 7 
and 9. Only a little over one-third as much acid as the wren 
ink contains is necessary, and the resulting ink is less corrosive to 
steel pens. 


TABLE 2.—Effect of acid content on corrosion and stability 

















Composition in grams per liter of water Catesateii Stability in 
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Ink no. pens in 
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acid | ¥eS0,.7H:0 | anhydrous | *i4 | ic acid solved form 
BE ES ee 8 le BS ee 10 BP Nepindeatinedpascackle 3.5 35 8 60+ 
ee ES Sie 10 : ae Pee 1] 3.5 24 60+ 
_ LETS REI 10 EES eS re 3.5 20 7 
REE esas Tees € yg SERN Tee es 10.7 Oe? Lssds sees 62 4 
Bhat: cuntinscubsaesrcisig aed . fee 10.7 a FC Sa 46 18 
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s +=tests were stopped before sediment appeared. 


Oxalic acid is used as a stabilizing agent in inks made with ferric 
salts because in addition to preventing the formation of sediment, 
this acid retards the corrosion of steel pens by forming a protective 
coating of ferrous oxalate on them. Other acids, such as tartaric, 
hydrochloric, or sulphuric, will not do this. The results of the cor- 
rosion tests for inks 11 to 15, inclusive, show the effect of varying the 
concentration of oxalic acid. The corrosion of steel pens decreases 
with increasing concentration of oxalic acid. 

The results given in a previous publication show that inks made 
with oxalic acid have a marked deleterious effect on the aging of 
paper. Therefore, this type of ink is unfit for use in making per- 
manent records. 

4. PRESERVATIVE AND DYE 


No experimental work was done on the use of a preservative to 
prevent mold growth on ink. Preservatives were not used in the 
experimental inks, and although the corks in the bottles became 
moldy, the inks were not affected. 


0 J. Research NBS 14, 463 (1935) RP779. 
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No attempt was made to change the dye ordinarily used in prepar- 
ing the standard ink. It was noted, however, that this dye seemed 
to retain its brilliance when used in inks that did not contain chlorides, 
In the standard ink, the color is likely to fade toward a greenish 
shade. Perhaps this is the color change found by Walther when he 
prepared inks containing ferric chloride. 


III. CONCLUSION 


Formulas for ink, either liquid or powder, can be readily worked 
out from the data given here. Three such formulas are given in table 3. 

















TABLE 3. 
Ink 
Ingredient " 
16 17 18 
IIR so wsjttndiemcipcthcidnntinnhiecleppiicudshainins alia | aie |) eee 10.0 g. 
Pensee Galnte, Sa PArOs....n ---0--nnnnncanconcians<rss Pin vice ea dalinnndimmeeS 
ES, IIIS. CERO acc acnccccteeseuncnnunlenme mens caeial SP pba dbat tale, 15.0 g. 
I ica eid eanentihecudnlnnabalamaieeisilal BE iiciatasicaihtiinina Uinieiiiesesinaing linc 
a vuncnt ectce nmin cissiime ge whee asubhiimnce eae BRD hinkbvenkee 
OIE 9... nncenncecen nc dbs dk entbkc nb nda see teb nel natdtanasnndene 0.654 g. 
Gk IRE SAS SS ee SS Se SRR SRE 3.5 g. 
WI oe sn on cc etbc ancadsuonempnens SERRA 3 ee 1 liter. 








* Calculated as anhydrous H2S0Ox.. 


Inks 16 and 17 can be prepared as powders which, when dissolved 
in the proper amount of water, will produce ink that will comply 
with the requirements of Federal Specification TT-—I-563, Ink; 
Writing. Ink 18 embodies the same characteristics as ink 17, except 
that it cannot be prepared in powdered form. To make a gallon of 
ink, the figures in the table must be multiplied by 3.79. These three 
inks are more stable and less corrosive to steel pens than the standard 
ink. Of these three inks, ink 16 is inferior to inks 17 and 18 because it 
has a lower stability and it contains oxalic acid, which attacks paper 
readily and tends to form a crust on steel pens. The stability of 
inks 17 and 18 makes them particularly suitable for use in fountain 
pens. 


WasuHineton, May 10, 1935. 
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SEPARATION OF A DIMETHYLCYCLOHEXANE FRACTION 
FROM A MIDCONTINENT PETROLEUM ! 


By Robert T. Leslie? 


ABSTRACT 


A practically constant-boiling and constant-freezing material with an empirical 
formula of a monocyclic naphthene hydrocarbon was isolated from a fraction of a 
midcontinent petroleum boiling at approximately 119 to 121° C. For the pur- 
pose of identifying the material derived from petroleum, pure m- and p-xylene 
were hydrogenated and the constituents of the resulting mixtures were partially 
separated (probably cis- and trans- forms of the corresponding naphthenes) by 
fractional crystallization. The change of the refractive indices and freezing 
points of the hydrogenated products on repeated fractional crystallizations indi- 
cated that the naphthene from petroleum was probably chiefly m-dimethyl- 
cyclohexane. The infrared spectrogram of the product from petroleum showed'a 
similarity to the spectrograms of both hydrogenated m- and p-xylenes 

Photomicrographs showed distinct eutectic structures with excesses of one 
crystalline form in both synthetic products. The material from petroleum 
showed the presence of at least two crystalline forms, one of which melted at a 
higher temperature than the other. The cooling curves also indicated the pres- 
ence of more than one crystal form. It is possible that the material isolated 
was a eutectic of isomers with a slight excess of one. 

It is estimated that the octonaphthene was present in the original crude oil 
to the extent of not less than 0.15 percent by volume. 
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I. INTRODUCTION 


Analyses of petroleum by distillation generally indicate the pres- 
ence of a considerable quantity of material boiling between 116 and 
121° C. This is not surprising in view of the fact that the boiling 
points of at least four isomeric octanes, cycloheptane, and the cis- 
and trans- forms of two dimethylcyclohexanes are reported to lie 

! Financial assistance has been received from the research fund of the American Petroleum Institute. 
This work is part of Project 6, The Separation, Identification, and Determination of the Constituents of 


Petroleum. 
? Research Associate at the National Bureau of Standards representing the American Petroleum Institute. 
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within this range. The general nature of the constituents of this 
fraction of petroleum has been indicated by a number of investigators. 
Thus, Beilstein and Kurbatow* demonstrated the presence of both 
cyclic and paraffin series in American petroleum distillates of this 
boiling range by the action of nitric acid on the material. Evidence 
advanced by a number of investigators to show the presence of iso- 
meric octanes, cycloheptane, and the dimethylcyclohexanes in oils 
from various sources is cited by Engler and Hofer. Mabery,’ work- 
ing on Ohio, and Warren,® on Pennsylvania oils, found that the 
molecular weight of the fractions boiling at about 118 to 120° C. 
corresponded closely to octane hydrocarbons, but the carbon-hydro- 
gen ratio showed the presence of a small amount of compounds with 
less hydrogen than is required for paraffins. 

The actual identification of these compounds by comparison of 
their physical constants with those of synthetic materials is some- 
what uncertain because of the contradictory values for the con- 
stants to be found in the literature. The confused state of these 
data is doubtless caused by the difficulty of preparing the pure 
synthetic compounds. Previous investigators have generally pre- 
ferred to classify the compounds in this fraction of petroleum as 
isooctanes and octonaphthenes, and to base their opinions as to struc- 
ture on the similarity of the petroleum fractions and impure syn- 
thetic materials, as indicated by their chemical behavior. 

The object of the present work has been to isolate the material 
from petroleum in as pure condition as possible and to identify it 
tentatively, leaving the conclusions open to revision when subse- 
quent investigations on the structure and properties of the synthetic 
substances make this possible. 

The determination of the naphthene-hydrocarbon content of pe- 
troleum is of interest because of the part which these compounds play 
in the ‘‘knocking” characteristics of gasoline and the lubricating 
qualities of higher-boiling fractions. It appears also that there is 
much to be learned about the chemistry and the physical properties 
of this class of compounds. The fact that they resemble the paraffin 
hydrocarbons in their chemical inertness and knocking behavior in 
internal-combustion engines, but can be more or less readily dehydro- 
genated to aromatic hydrocarbons with quite different properties in 
these respects, makes their investigation important. 


II. HISTORY OF THE MATERIAL AND INDICATIONS OF 
THE PRESENCE OF NAPHTHENES 


The unshaded line C in the lower chart of figure 1 is the distillation 
curve between 100 and 129° C of the midcontinent oil’ upon which 
the work of Project 6 of the American Petroleum Institute has con- 
centrated, before the isolation of any material. This distribution 
resulted after an initial distillation in a refinery and four systematic 
fractional distillations in the laboratory. The shaded line D in the 
same chart shows the distribution of volumes after the removal of 

3 F. Beilstein and A. Kurbatow, Ber. deut. chem. Ges. 13, 2028 (1880). 
4C. Engler and H. v. Héfer. Die Chemie und Physik des Erddéls, 8. Hirzel, Leipzig (1913). 
5C. F. Mabery, Proc. Am. Acad. Sci. 31, 1 (1895). 


6®C. M. Warren, Proc. Am. Acad. Sci. 27, 78 (1891). 
? Taken from well no. 6 of the South Ponca Field, Kay County, Okla. 
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toluene * from the material boiling below 110°, 2-methylheptane ° 
boiling at 116 to 117°, and n-octane ” at 123 to 126° C. It is to be 
observed that the original mountainous concentration of material 
boiling between 119 and 127° has been separated into two peaks by 
the removal of a large quantity of n-octane by crystallization and 
subsequent tractional distillations. Curve A, in the upper part of 
figure 1, shows the change in the refractive index with the boiling 
point of the fractions shown in curve D. Since the material was free 
from aromatic hydrocarbons, the abrupt rise in this curve betwee 
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Figure 1.—Volumes and properties of Snes fractions boiling between 100 and 
129° C. 


A, Refractive indices; B, initial freezing halts; C, volumes before removal of any constituents; D, volumes 
after removal of toluene, isooctane, and n-octane and fifteen subsequent fractional distillations. 


120 and 123° indicated the probable presence of naphthenic com- 
pounds, as suspected by other investigators. Before the removal of 
the n-octane and 2-methylheptane there was no indication of the 
presence of a component which was in sufficient concentration to 
crystallize. When the status of separation depicted by curve D was 
reached, however, freezing halts in the cooling curves of some of the 
samples became Herttones & Curve B, figure 1, shows the tempera- 
‘J, H. Bruun, RT. Leslie, and 8, . Schicktane, BS J. Research 6, 377 (1981) RP280. 


*R. T. Leslie, BS J. Research 10, 609 (1933) R 
10R. T. Leslie and 8. T. Schicktanz, BS J. Bm 6, 377 (1931) RP282, 
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ture of the initial observed halts in the cooling curves of samples 
selected at intervals over the boiling range from which crystals 
could be obtained. It is apparent that the maximum concentration 
of crystallizable material occurred at approximately 120.5° C. Even 
at this temperature the concentration was small, as indicated by the 
low congealing temperature compared with the freezing points of the 
naphthenic compounds reported in this boiling range. 


III. SEPARATION OF OCTONAPHTHENE FROM 
PETROLEUM 


Investigation of the methods of separating the crystallizable con- 
stituent showed that (ae best results were obtained by dissolving the 
oil in propane and pouring the solution into methane." As was to be 
expected from the preliminary freezing-point investigation, the most 
effective separations were obtained on fractions boiling near 120.5°. 
In these separations the crystal fraction after remelting sometimes 
showed a refractive index as much as 0.007 higher than that of the 
hydrocarbon recovered from the mother liquid. The yield of crystals 
from fractions boiling below 119.5° and above 121° was not sufficient 
to make crystallization practicable. The 5.5 liters of material boiling 
between these temperatures was therefore crystallized from liquid 
methane. This treatment yielded about 2,500 ml of crystal fractions 
(n%=1.414 to 1.418) and 2,800 ml of liquid fractions (n%=1.408 to 
1.418). A second systematic crystallization of the material produced 
about 2,200 ml of crystal fractions (nf?=1.4155 to 1.4220) and 3,000 
ml of liquid fractions (n?=1.408 to 1.416). The overlapping of the 
refractive indices was caused partly by incomplete separation. It 
also indicates the presence in the distillation fractions of other naph- 
thenic hydrocarbons which were concentrated in the mother liquids 
of the crystallizations. 

Further concentration of the whole quantity of crystal fraction 
by crystallization was considered impractical because of the diffi- 
culty and expense. About 330 ml of the best of this material (n3 
1.420 to 1.421) was selected for intensive purification as described 
below. The remainder was distilled, and those fractions which 
were too poor in octonaphthene to show good freezing curves from 
which the purity could be estimated were returned to the main body 
of the 100 to 130° C distillate in order of their boiling points. The 
liquid fraction was also distilled, and since none of it could be further 
crystallized, it was returned to the main distillate. 

The 330 ml of best material was carefully distilled through a spiral 
carborundum-coated column.” The results of this distillation are 
shown in figure 2. Fractions amounting to about 75 percent distilled 
within 0.2°C. The middle fractions amounting to 60 percent showed 
practically constant boiling points, refractive indices, and freezing 
points. This constant-distilling material was further purified by 
two crystallizations from methane and two without solvents. The 
last crystallization raised the freezing point by about 0.1° and caused 
little improvement in the shape of the curve. The cooling curve of 
the best sample is shown in figure 3, and its properties are given in 
table 1, together with those of the other concentrated material. 


i! R. T. Leslie, BS J. Research, 10, 609 (1933) R P55: 
48 Designed by 8. T. Schicktanz. 
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Fiaure 2.—Properties of best 330-ml fraction of octonaphthene crystallized from 
petroleum after a distillation, but before final purification. 


The solid disks represent properties of the residue from the distillation. 


TaBLE 1.—Physical properties of dimethylcycloherane fractions from petroleum 





Boiling Refractive 
Lot Volume | Freezing point ° 99 | Concentra- 
point » (740 mm Hg) index n > tion 





ml Degrees C Degrees A Mole percent 
120. § 


NE ONE SLA, ROT OR ee A eS ON ee 48 —84. 8g 1, 41995 98. 5 
landidichsstinn miatistimninardsuaie tows detakinamanie 100 —86.4 119.9 1, 4198 94.7 
Sai bs chivalovnscessosatnierdicl aan tacnjciebepgsenicts GLa al 55 —87.0 119.8 1.4190 92.9 
EW Misch ockbehussenpebadbenida nine gs we 420 —88. 5 119.8 1, 4162 88.7 

Rnbccteeninithangsmnbiie ntaieiainebnedd 125 —89. 0 119.8 1. 4167 87.3 

nike asst btadcseeincies Matbsn abninakomelieee 175 —92.4 119.6 1.4143 78. 2 
ill Rierknhadeslanstidantaiaibisatiadedeneianicg 230 —92.8 119.5 1. 4131 77.2 
tT SS a TE SE EES RE ree 100 —95.8 119.1 1. 4120 69. 8 
SE ET ee ame ee ese ene 230 —96, 0 120.0 1, 4180 69. 3 
jE 5 REE ANTON LAOS I ie 100 —97.0 119.8 1.4187 66. 6 




















® The density of lot I, as determined by the Weights and Measures Division of the National Bureau of 
Standards, was 0.76492 +0.00002 g/ml at 20° C. 
Prien _ lot I is the initial extrapolated freezing point. The values for the other lots are the initial 
observed points. 
° The boiling points were determined in a Cottrell boiling-point apparatus. 
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A combustion analysis," in duplicate, gave a ratio, moles H,O/CO,= 
1.0025+0.0008. Since the ratio for a pure naphthenic hydrocarbon 
should be unity, the presence of about 2 mole percent of paraffinic 
constituent is indicated. 

For the calculation of the purity of the various fractions, a value of 
the heat of fusion was determined from the freezing-point lowering 
on the addition of a known quantity of toluene to the purest sample. 
Using the relation, 





- —RT,TplogiX 

vr 0.4343Atry 
the heat of fusion was found to be approximately 2.1 kilocalories per 
mole. From this value and the freezing curves, the concentration 
of the naphthene constituent of the samples was calculated. The 
freezing point of the major component of the samples was estimated 
by assuming that half of this component had frozen out at the mid- 
point of the flat portion of the cooling curve of the best sample, and 
that this point was as much below the initial halt as the initial halt 
was below the freezing point of the major component. 


IV. TENTATIVE IDENTIFICATION OF OCTONAPHTHENE 


Of the cyclic compounds which are reported in the literature, 
to boil near 120° C, m- and p-dimethylcyclohexane appear to be the 
only ones with constants approaching those of the isolated material. 
The data on these compounds vary widely, as is shown in table 2. 
Inspection of this table seems to indicate that the material was 
probably the para isomer, but the conflicting freezing points are 
sufficient to arouse some doubt as to the accuracy of the other data. 


TABLE 2.—Constants reported for m- and p-dimethylcyclohezane 
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| Freezing | Boiling point Density at /|Refer 
Hydrocarbon | ” point (760 mm Hg) eg wad 20° é ence 
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| D 
°C °C °C g/ml 

m-Dimethylcyclohexane-.-........-.-- Below —75 121.641 | 1.4255 | 47.8 8 0. 772320/4 1 
cis-m-Dimethylcyelohexane - --__--_-_-- | Below —75 121.0 | 1.4238 j|...._.- ®. 77352 vac 2 
trans-m-Dimethylcyclohexane_.......|_......-.---- ght ETE PS Ries eS a 2 
m-Dimethylcyclohexane.......-..----|--..--.------ 120 | 1, 4234 |_..._.- ® . 773618/4 3 
i taal —85 : AEX eee .771 4 
i acto neddteh waakncws no ccaieibmdlice aii 120.9 to 122.5 | 1. 4253 |....... «774 5 
p-Dimethylcyclohexane-.---..-...._-- —&& 121.741 | 1.4253 | 47.8 7727 1 
cis-p-Dimethyleyclohexane...........|....-..-.---- 120." | 1.4206 |......- - 7671 2 
trans-p-Dimethylcyclohexane.........|.........--.-. 1197 | 1, 4183 |_.....- . 7655 2 
p-Dimethylcyclohexane--.-_--...._..-- —86 120.5 | 1.421 j....... . 769 4 
Wid wiitsceslietaialle ate cielatnadqiiwis wuladtidniase aatapiaialiad 122 to 124 | 1.4271 |_....-.- -777 5 























® Specific gravity. 
1 1 
2. F. Eisenlohr, Fortsch. Chem. 18, 


9, 521 (1925) 


3. C. Engler and H. v. Héfer, Die Chemie und Physik des Erdéls. 


4. Int. Critical Tables, 1, 
5. F. K. Signaigo and P. 


P- 222 (1926). 
. Cramer, J. Am. Chem. Soc. 55, 3326 (1933). 
8 The author is indebted to J. D. White for this determination, 


. H. Garner and E. B. Evans, J. Inst. Petroleum Tech. 18, 107, 751 (1932). 
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In order to decide between the various values, synthetic samples 
of sufficient purity to distinguish definitely between the properties of 
the compounds were prepared. Samples of very pure m-xylene 
(freezing point, —49.9° C; n78?, 1.4945) and — (freezing point, 
+13.3° C; n7%?, 1.4931), kindly made available by F. W. Rose, Jr.,'* 
were hydrogenated by passing a mixture of hydrogen and hydro- 
carbon vapors over a nickel-aluminum catalyst “ at the temperature 
of boiling toluidine. After treatment with nitrating mixture to 
remove the unhydrogenated aromatics, washing with alkali and 
distilling from sodium, 55 ml of hydrogenated m-xylene (boiling point, 
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Ficure 3.—Cooling curves of hydrogenated m- and p-cylenes and of octonaphthene 
fractions from petroleum. 


A, Hydrogenated p-xylene; B, best sample from petroleum; C, mother liquid from crystallization of best 
sample; D, hydrogenated m-xylene. 


121.3° C; n%, 1.4230; freezing point, about —92.5) and 48 ml of 
hydrogenated p-xylene (boiling point, 121.3° C; n%, 1.4220; eutectic 
halt, —94° C) were obtained. The cooling curves of both these 
samples indicated that they were far from pure substances. Evi- 
dently mixtures of cis- and trans- forms result on hydrogenation of 
these substances in the manner described.’* The hydrogenated 
p-xylene was purified by a crystallization without the use of solvent, 
after which the cooling curve shown in figure 3 was obtained on the 
material. The initial freezing point (—44.7° C) is so high that the 
4 Prepared by the method of J. D. White and F. W. Rose, Jr., BS J. Research 9, 711 (1932). 


1S N, Zelinsky and W. Kommarewsky, Ber. deut. chem. Ges. 57, 667 (1924). 
1 @. Chavanne and E. Bode, J. Am. Chem. Soc. 52, 1609 (1930). 
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articular stereoisomer of p-dimethylcyclohexane which was present 
in excess of the eutectic in the synthetic product cannot be identical 
with the major constituent of the isolated product. The other 
stereoisomer of p-dimethylcyclohexane is also eliminated by the fact 
that the refractive index of the mother liquid from the crystallization 
was too high (n3$, 1.4232, as compared to 1.4199; for the octonaph- 
thene). The boiling point of the crystal fraction was found to be 
121.0° C at 760 mm Hg. 

The hydrogenated m-xylene was crystallized once without solvent 
and twice with methane. The final freezing curve (freezing point, 
about —92° C) is shown in figure 3. The final refractive index of the 
crystal fraction (n%3, 1.4228) was considerably lower than that of the 
liquid (n%, 1.4232). Since the cooling curve indicated that the 
substance was still very impure, it seems possible that the final refrac- 
tive index and freezing point might have been brought to those of the 
octonaphthene if there had been sufficient of the material to complete 
the purification. The boiling point of the crystal fraction of. this 
material was found to be 121.3° C at 760 mm Hg, which is slightly 
higher than the boiling point of the cis-form as reported by Eisen- 
lohr.” It is concluded therefore that the octonaphthene isolated 
from petroleum was probably chiefly m-dimethylcyclohexane. 


V. PHOTOMICROGRAPHIC EXAMINATION OF CRYSTALS * 


Many of the cooling curves of the material isolated from petroleum 
showed the double arrest apparent in curve C, figure 3. In order to 
determine the cause of this behavior, photomicrographs of the crystals 
were obtained. Figures 4, 5, and 6 illustrate the purest sample. They 
show at least two crystal forms, one of which remains after the major 
part of the mass has melted. The first halt in the cooling curve was 
doubtless caused by the crystallization of this higher-melting form 
in the undercooled liquid. 

Figures 7 and 8 show the purest hydrogenated p-xylene in two states 
of cooling. Figure 7 shows the peculiar crystal appearance of the 
major constituent (crystals show light and dark alte caused by 
plus and minus elongation, i. e., asymmetry of optical structure 
around a dividing plane). Figure 8 was taken at a lower temperature 
and shows a eutectic mat. Figure 9 shows the synthetic meta- 
compound with both the excess constituent and the eutectic. 

Comparison of the crystal forms of the synthetic samples with the 
best petroleum sample shows that all three products are alike in 
containing more than one crystal form. The angles and twinned 
structure of the higher-melting crystal form of the petroleum sample 
resemble those of the excess constituent which appears in the hydro- 
genated p-xylene. 

To test the possibility that they were identical, some of the twinned 
crystals were isolated from the petroleum sample by cooling under the 
microscope and draining off the excess liquid. Hydrogenated p- 
xylene was then allowed to crystallize around them. On warming the 

1” F, Eisenlohr, Fortsch. Chem. Phys. Chem. 18, 521 (1925). 

18 All photomicrographic work was done by C. P. Saylor. The photographs were made between crossed 
nicols and under a magnification of 71 Xx. See W. H. Smith, C. P. Saylor, and H. J. Wing, BS J. Research 
10, 479 (1933) RP544, for description of apparatus. For the work here described no acetone was used in the 


refrigerating dewar tube. The hydrocarbon was placed between small cover glasses in the bottom of the 
dewar tube in the optical path. 
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Figure 5.—Same field shown in figure 4 on further gradual cooling. 
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FiGuRE 6.—Field shown in figure & on gradual warming 

















Figure 7.—Hydrogenated p-xylene undercooled, warmed until only seeds remained, 
and cooled gradually to allow the first crystal phase to grow. 
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FIGUR E 8. Same fi ld shown in figure 7 on further gradual cooling. 
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Fiaure 9.—Hydrogenated m-xylene on gradual cooling. 


Both eutectic and excess constituent visible 
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mass, the twinned crystals seemed to disappear before the remainder. 
This behavior indicated that the twinned crystals appearing in the 
petroleum sample were not the higher-melting crystal constituent 
from the synthetic p-dimethylcyclohexane. Additional evidence for 
this conclusion was obtained by growing crystals from the synthetic 
p-compound, draining off the excess liquid, and adding octonaphthene 
which was undercooled below the melting point of its twinned crystals. 
The crystals dissolved, which showed that they were not in equilib- 
rium with the octonaphthene. 

Crystals of the higher-melting material from the synthetic meta- 
compound, obtained by drawing off the mother liquid as described 
above, remained in equilibrium with the cold octonaphthene. The 
presence of the seed crystals from the synthetic product also appeared 
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Figure 10.—Infrared-absorption curves of dimethylcyclohexanes. 


Record of the transmission in the near infrared through 10cm of solution of synthetic samples of dimethyl- 
cyclohexane and of the octonaphthene from petroleum in purified carbon tetrachloride. The concentra- 
tions were 0.0609, 0.0590, and 0.0589 molal for curves A, B, and C, respectively. 

A, Hydrogenated m-xylene; B, octonaphthene fraction from petroleum; C, hydrogenated p-xylene; D, 

carbon tetrachloride. 


to decrease the proportion of twinned crystals which formed. From 
the last experiment it appears that the lower-melting constituent in 
the octonaphthene from petroleum was identical with the higher- 
melting crystal constituent in the hydrogenated m-xylene. 


VI. INFRARED-ABSORPTION SPECTRA OF 
DIMETHYLCYCLOHEXANES 


Comparison, figure 10, of the infrared-absorption spectrograms of 
the hydrogenated p- and m-xylene with that of the material isolated 
from petroleum shows that the latter is probably composed of deriva- 


1? The author is indebted to U. Liddel and O. R. Wulf, of the U. 8. Bureau of Chemistry and Soils, for 
recording these spectrograms and interpreting the results. 
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tives of cyclohexane. Inspection also shows that the spectrogram 
of the naphthene from crt tn more nearly reseantiles that of 
hydrogenated m-xylene than that of the p-xylene, but is not identi- 
cal with either. This lends further credence to the belief that the 
material was chiefly m-dimethylcyclohexane with some other con- 
stituent or more than one isomeric form present. 


VII. ESTIMATION OF THE QUANTITY OF THE 
DIMETHYLCYCLOHEXANE FRACTION IN THE CRUDE 
PETROLEUM 


Journal of Research of the National Bureau of Standards  {vot. is 


In the approximately 2,200 liters of the original crude oil it is 
estimated that there were at least 3 liters, or about 0.15 percent by 
volume, of the constituent which was isolated in this work. This is 
about equal to the quantity of 2-methylheptane, which was isolated 
from the material boiling at 116 to 117° C, and one-sixth of the quan- 
tity of n-octane which was found at 123 to 126° C. 


VIII. CONCLUSION 


It is concluded that the constant-boiling, constant-freezing sample 
of naphthenic hydrocarbon which was isolated in this work was 
composed chiefly of m-dimethylcyclohexane with sufficient of another 
isomer present to slightly exceed the concentration of the latter in a 
eutectic of the isomers. 


WasHINnGTON, April 16, 1935. 








U.S. DepARTMENT OF COMMERCE NATIONAL BuREAU OF STANDARDS 
RESEARCH PAPER RP809 


Part of Journal of Research of the National Bureau of Standards, Volume 15, 
July 1935 





SEPARATION OF PETROLEUM HYDROCARBONS WITH 
SILICA GEL ' 


By Beveridge J. Mair and Joseph D. White ? 


ABSTRACT 


The fractionation, by filtration through columns of silica gel, of a number 
of binary mixtures of pure hydrocarbons boiling from 80 to 175° C is reported. 

The results of these experiments show that (a) the aromatic and olefin hydro- 
carbons could be completely removed from the paraffin and naphthene hydro- 
carbons, but the capacity of the gel as an adsorbent of the one olefin (‘‘diamyle 
ene’’) investigated was only one-third of its capacity as an adsorbent of the 
aromatic hydrocarbons; (b) the capacity of silica gel as an adsorbent of the 
aromatic hydrocarbons was found to depend on the concentration of the solution 
and also, to some extent, on the components of the solution from which the 
aromatic hydrocarbon is being adsorbed, the amount of o-xylene, for example, 
adsorbed from a 10 percent solution of that aromatic in n-nonane being about 
12 to 13 ml per 100 g of gel and approximately the same for gel of different grain 
size; (c) a small but definite separation of naphthene from paraffin hydrocar- 
bons occurred, the naphthenes tending to be adsorbed by the gel in preference 
to the paraffins; (d) a slight separation of normal paraffin hydrocarbons of 
different molecular weights occurred, the paraffin of low molecular weight being 
adsorbed in preference to that of high molecular weight; and (e) under conditions 
of these experiments, silica gel did not crack or otherwise attack aromatic, 
naphthene, or paraffin hydrocarbons. 

A simple laboratory method for the complete removal of aromatic from naph- 
hene or paraffin hydrocarbons by adsorption on silica gel, with a recovery of 
98 percent or better, is described. The method is very useful for investigating 
the composition of petroleum distillates containing less than 15 percent of 
aromatic hydrocarbon. If the concentration of aromatics is higher than this 
a preliminary extraction with sulphur dioxide may be advantageous. 
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I. INTRODUCTION 


In an investigation in progress at this Bureau on the isolation, 
identification, and determination of the hydrocarbons in petroleum, 
a simple method by which the aromatics may be separated completely 
from the naphthenes and paraffins is needed. ‘The method should 
preferably be a physical one, and should permit nearly quantitative 
recovery of unchanged hydrocarbons. 

Extraction with liquid sulphur dioxide at low temperatures may 
be employed to advantage with fractions rich in aromatics, but the 
complete removal of aromatic hydrocarbons by this solvent is not 
practical. Two chemical methods, nitration or sulphonation, may 
also be used for removal of aromatics. With nitration the aromatics 
cannot easily be regenerated, while with sulphonation the aromatics 
can usually be recovered by aydrolysis of the sulphonic acids. Both 
methods involve the use of a strong oxidizing agent for a considerable 
new her of time, and there is consequently danger that any nonaromatic 

ydrocarbons present may also be attacked. With these methods it 
is difficult to remove completely the last trace of nitro compounds or 
sulphonic acids from the unattacked oil. 
he use of adsorbents in petroleum refining for the removal of 
compounds containing sulphur and oxygen and of hydrocarbons with 
a low ratio of hydrogen to carbon is well known. Most investigations 
on the separation by adsorbents of the hydrocarbons in petroleum 
have been made with such complex mixtures that little definite infor- 
mation is available. Day and coworkers (1)* in 1911 found that when 
a solution of benzene and a paraffin oil is allowed to diffuse upward 
through a tube packed with fuller’s earth, the benzene tends to collect 
in the lower sections and the paraffin oil in the upper sections of the 
tube. Tarasov (2) in 1927 reported that all the aromatics could be 
removed from the naphthenes and paraffins by adsorption if sufficient 
silica gel was used. More recently, Hofmeier and Meiner (3) studied 
the action of five silica gels on the naphtha fraction of petroleum and 
found that with the best gel the aromatic content could be reduced by 
only 50 percent. Neither of these investigators found any separation 
of paraffins and naphthenes. Hofmeier and Meiner did not obtain a 
satisfactory recovery of oil. 

In this paper are presented the results of experiments on the adsorp- 
tion by silica gel of binary mixtures of hydrocarbons of different types 
and molecular weights. In particular, a simple method is described 
which should find extensive use in removing aromatic hydrocarbons 
from petroleum distillates. This method is considered superior to 
nitration or sulphonation in simplicity, completeness of removal of 
aromatics, and total recovery of oil.. It is superior to extraction with 
sulphur dioxide in simplicity and completeness of removal. The 
method is scarcely practical for mixtures containing more than 15 
percent of aromatics because of the small volume of aromatic-free oil 
recovered from such concentrated mixtures. In this case a preliminary 
extraction with sulphur dioxide is recommended. 


II. APPARATUS AND MATERIALS 


The apparatus is very simple, consisting of glass tubes mounted 
vertically and filled with silica gel. One of these tubes is shown in 





3 The figures in parentheses throughout this paper refer to the numbered references listed on page 62. 














—, Separation of Hydrocarbons with Silica Gel 53 


figure 1. At the top is sealed a glass bulb as a 
reservoir for the hydrocarbon mixture. To the 
top of this reservoir may be attached a rubber 
tube through which air pressure can be applied 
during filtration. At the bottom of the ad- 
sorption tube is sealed a smaller tube which 
extends into a stoppered graduated cylinder. 
A small plug of glass cotton at the bottom of 
the adsorption tube suffices to hold the silica 
gel in place. The adsorption tubes used in 
these experiments were 40 cm long and had 
an inside diameter of 1.5 to 1.7 cm. 

Two grades of silica gel obtained from the 
Silica Gel Corporation, Baltimore, Md., were 
used. These were grade “‘150—F-850” (40- to 
200-mesh) and “‘Intermediate”’ (200-mesh and 
finer). These grades will be referred to through- 
out the rest of this paper as coarse and fine, 
respectively. The gel, after use and after dis- 
placement of the oil with water, was reacti- 
vated by transferring it while wet to a Pyrex- 
glass tube, sucking it as dry as possible and 
placing it in an oven, where it was heated for 
24 hours at a temperature of 300 to 350° C, 
while air was aspirated through it. Both the 
original gel and the reactivated gel were stored 
in moistureproof containers. 

All the hydrocarbons used in this work, ex- 
cept those mentioned below, were isolated from 
petroleum, or prepared synthetically or puri- 
fied in this laboratory. ‘The samples were not 
of the highest purity, but they were suffi- 
ciently pure for the purpose of these experi- 
ments. Their refractive indices differed by 
only a few units in the fourth decimal place 
from those of the best material prepared by 
us. The n-heptane of Jeffrey pine origin and 
the 2,2,4-trimethylpentane were commercial 
materials of high purity. The n-tetradecane 
was an Eastman product. Its treatment be- 
fore use is described in a later section of this 
paper. The diamylene was a mixture of 3,5,5- 
trimethylheptene-2 and 3,4,5,5-tetramethyl- 
hexene-2. This sample was obtained through 
the courtesy of W. L. Drake (4), who has 
described the analysis of the mixture. 


III. ADSORPTION EXPERIMENTS 
WITH MIXTURES OF AN AROMATIC 
AND A NAPHTHENE OR A PARAFFIN 
HYDROCARBON 


These experiments were designed principally 
to show the degree of separation obtained 


when an aromatic hydrocarbon mixed with a naphthene or a paraf 
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fin hydrocarbon is filtered through silica gel. A series of binary mix- 
tures with boiling points from about 80 to 175° C was used. To 
eliminate fractionation by evaporation, each binary mixture was 
made from hydrocarbons with approximately the same boiling point. 

The procedure adopted for these experiments was to measure out 
97 ml of the naphthene or paraffin ua sec in a glass-stoppered 
graduated cylinder. To this was added 5 ml of aromatic astienan: 
bon from a pipette. The cylinder was stoppered and shaken, and the 
refractive index of the mixture observed. Tt was then transferred to 
a filtering tube containing 50 g of fine gel and allowed to filter at 
room temperature under air pressure of about 4 lb/in?. Some of the 
tubes were packed tightly with silica gel by tapping the tube until 
no lowering of the level of the gel cenit be observed. A great differ- 
ence in the rate of filtration was noticed, depending on the degree 
of packing. For those packed tightly, about 48 hours was required 
for the completion of an experiment, while with those loosely packed, 
about 16 hours sufficed. No significant difference in effectiveness 
between tightly packed and loosely packed tubes was observed. The 
height of the gel in the tubes varied from 36 to 40 cm. Fractions of 
filtrate collected in graduated cylinders were removed from time to 
time. These fractions all had the same refractive index, i. e., the 
refractive index of the pure paraffin or naphthene used initially, 
When all the filtrate which would drain of its own accord had col- 
lected, further hydrocarbon fractions were displaced by adding water 
at the top of the tube. A sharp line of demarcation showed the posi- 
tion of the water in the tube. The refractive indices of the fractions 
obtained by displacement with water usually remained constant at 
the refractive index of the pure paraffin or naphthene in the mixture 
until the water reached about 3 cm from the bottom of the tube, 
when a sharp rise in the refractive index occurred. After the first 
few drops of water appeared in the graduated cylinder, filtration was 
stopped, the tube was disconnected, the bottom end stoppered, and 
the silica gel loosened with a reamer and transferred as a suspension 
in more water to a 500-ml erlenmeyer flask. During this treatment, 
an oil layer separated on top of the water and the silica gel settled 
to the bottom. The oil and water were poured into a separatory 
funnel, and the water run again onto the silica gel in the erlenmeyer 
flask, where, by vigorous shaking, it was possible to get a second 
small quantity of oil to separate. The refractive index of the oil 
separated from the silica gel in this manner was much higher than 
that of the original mixture. 
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TaBLE 1.—Data showing the separation of aromatic from naphthene or paraffin 
hydrocarbons by adsorption on 50 grams of fine silica gel 




















Refractive Volume and refractive indices of fractions after passage 
indices of through silica gel 
Vol- 
f hy 
Hydrocarbons pr So Main por- | Last por- Total 
ee ag tion of fil- | tion of l- | Adsorbed | ¥,). 
bons | car- | tures Filtrate trate dis- | trate dis- | .oken out | Ume 
bons placed by | placed by with water |TeC°v- 
water water ered 
ml | n% nis ml | n® | ml | n¥® | mij 2® | mi | 3 ml 
Mesitylene.-.......--.- 5} 1.4972 ’ 
Ts 97 i Soua 2 4139); 62 1. 4096} 32. 5) 1.4096; 3 1.4496} 4.4) 1.4683) 101.9 
WM iss ahcaicis waheiis 5] 1. 4949 i 
Cat So 97 + Spee} 4000)! 63 1. 3950} 29.2} 1.3950) 3.5) 1.4068) 4.2) 1.4677) 99.9 
TON chsivbe nese cewwn 5} 1.4940 15.1} 1. 4202 
Methyleyclohexane...| 97/1. 4205 4237|| 61.7 1. 4202/{19 1 Seely 3 1. 4522} 2.5] 1.4687} 99.3 
BORG 6 ii nitsinnsincags 5) 1.4977 
Methyiavdapeniona.._ 97| 1.4069 }1. 4105 65. 5] 1.4069) 28 | 1.4004) 3.5 | 1.4209) 1.8} 1.4610) 98.8 



































1 These hydrocarbons had refractive indices a little higher than the values obtained on the best samples 
isolated from petroleum in this laboratory. They evidently contained traces of aromatics or unsaturated 
hydrocarbons. After the mixture had run through silica gel, the values of the filtrate approached more 
nearly the values for the pure hydrocarbons. 


The results of these experiments are shown in table 1, in which are 
tabulated the refractive indices and volumes of the starting mate- 
rial, the various fractions of filtrate, the filtrate displaced by water, 
and the adsorbed material shaken out of the silica gel with water. 
It is evident from the refractive index that the aromatic hydrocarbons 
were removed from the filtrate, and that in two cases (mesitylene with 
n-decane and m-xylene with n-octane) the first portion of the filtrate 
displaced by water was also free from them. For the other two cases, 
toluene with methylcyclohexane and benzene with methylcyclopen- 
tane, a rise in the refractive index of the filtrate displaced by water 
was noticed. This may have been due to allowing the water to come 
too close to the bottom of the tube before withdrawing the fraction, 
or to the fact that the gel had reached its capacity at this stage. 
The recovery for this series averaged about 98 percent. From an 
initial solution of 102 ml, made from 97 ml of a paraffin and 5 ml of 
an aromatic hydrocarbon, more than 90 ml of pure paraffin hydrocar- 
bon and 5 to 8 ml of aromatic concentrate were obtained. 


IV. EXPERIMENTS TO DETERMINE THE CAPACITY OF 
SILICA GEL AS AN ADSORBENT OF AROMATIC AND 
OLEFIN HYDROCARBONS 


In table 2 are recorded the results of experiments to determine the 
capacity of a fine gel, a reactivated fine gel, and a coarse gel, with 
respect to aromatic hydrocarbons, and of a fine gel with respect to 
olefin hydrocarbons. When the saturation capacity of fine silica gel 
is reached, the refractive index of the filtrate rises rapidly, during the 
passage of a few milliliters, from that of the pure paraffin hydrocarbon 
to that of the mixture employed. 
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TaBLe 2.—Data showing the capacity of certain silica gels as adsorbents of aromatic 
and olefin hydrocarbons 



























































Gel | | Refractive | Volumes and refractive indices of fractions 
| Vol- indices of: || after passage through silica gel 
eles a ahs Ase A} =. ame ;' Total 
| Hydrocar- | of hy- Sin | i] Main por- | Last por- | Adsorbed vol- 
an | bons | dro-| a.) | mix. || tion of fil- | tion of fil-| material | Wine 
Wt.| Condition | car- | Oro: tures || Filtrate! | trate dis- | trate dis- | shaken ot 
| } bon hats rt placed by | placed by | out with ore 
| water water water 
Bee: gal . Se: jocenin 
| | | | 
| ml | a | nS || mi} 2% | mi | nS |ml| n¥ | mij 2% | mi 
| | ro 1 2 > | | | | 
50 | Fine......|{Xvlene.--| M01. 5080 Th. 4132//{°P Sit gone }22 7) - 4182) 4.0/1. 4533] 3. 2/1. 4922) 98, 4 
wa 1 99. 8|1. 4039 ae 
50 |...do.....- eee alt aoagft- 4084111 7° Git doaglt24 [1 4084) 7.5/1. 4197] 6. 8]1. 4584) 208. 8 
oi | | $54. 512. 4084 
oluene..--. 10} 1. 4939 || (55. 5/1. 3850) 4. 8)1. 3950 ~ 
~ pewentsy In-Hleptaac | $21; 38e0|) = 3953} 7: 2I1, 3804| 29° [1 gpsa| fo 0|1- 4207) 4. 7/1. 4620) 100, 2 
‘ine, reac- | fo-Xylene_._ 10/1. 5030) 9\| 9. 5)1. 4061 -_ 
ee ee) 02/1, 4039|}2- 4132} 55. 3|1. 4039] {99° |1- 4989|}5- 0/1. 4300] 6. 4)1. 4761) 100.2 
| ig | | 45 |1. 4039 
Pen fo-Xylene--_| 10 ah }|J12 |1,4049){ 9.5 teat | 
50 C oarse.---!\n-Nonane--| 92/1. 5030) ay 12. 6/1. 4104| 8.011. 4131 4.0 1. 4548) 4. 7|1. 4828) 99.8 
. | 4. 0)1. 4124 | 
| By iamylene-| 5/1. oe Ita in: anosl} ie ola: anaal} 
60 | Fine...... io Deuene| 07/1. 4006) J 4107) {74° Ir ros|}8t_ |1-4105149"olt grai|}7-Of1- 4146) 98.3 


1 Small fractions of filtrate were removed from time to time. The total volume of those with the same 
tefractive index is recorded here. 

The capacity of silica gel as an adsorbent of aromatic hydrocarbons 
depends on the concentration of the solution and also to some extent 
on the components of the solution from which the aromatic hydro- 
carbon is being adsorbed. In the first experiment with fine gel, 61.5 
ml of filtrate free from o-xylene was obtained and the o-xylene con- 
tent of a further 7 ml was reduced by an amount corresponding to its 
complete removal from 2.9 ml. Thus, 50 g of fine gel was capable of 
adsorbing 6.4 ml of o-xylene from a 10-percent solution of that 
aromatic hydrocarbon in n-nonane. In the second experiment, in 
which a 5-percent solution of o-xylene in n-nonane was used, the 
o-xylene was removed from 107 ml, so that 50 g of fine gel adsorbed 
about 5.35 ml of o-xylene from a solution of this concentration. In 
experiment 3, the adsorption capacity of 50 g of fine gel with respect 
to a different aromatic hydrocarbon, namely toluene, is shown. In 
this case, 55.5 ml of filtrate free from toluene was obtained and the 
toluene content of a further 7.2 ml reduced by an amount correspond- 
ing to 4.1 ml, so that about 5.96 ml of toluene was adsorbed from a 
10-percent solution of that aromatic hydrocarbon in n-heptane. 

The reactivated fine gel is, within the limits of the experiments, 
as good as the original, because when used with a 10-percent solution 
of o-xylene in n-nonane, 55.3 ml of filtrate free from o-xylene was 
obtained and the o-xylene content of 9.5 ml was reduced by an amount 
corresponding to 7.2 ml. A 50-g portion of this gel therefore adsorbed 
about 6.3 ml of o-xylene. The coarse gel removed completely the 
o-xylene from only 45 ml, and the rise in the refractive index to that 
of the original mixture did not occur within so small a volume as 
with the fine gel. The capacity of the coarse gel does not seem to be 
much less than that of fine gel, about 6.0 ml of o-xylene being adsorbed 
from a 10-percent solution in n-nonane by 50 g of gel. Channeling 
was apparent with the coarse gel and probably accounts for the less 
effective separation. However, the speed of filtration is much more 
rapid than with the fine gel and so, for some purposes, it may be 
preferable. The experiment with diamylene and n-decane shows that 
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silica gel removed completely the olefin hydrocarbon from its mixture 
with a paraffin. For a solution containing 5 ml of diamylene and 
97 ml of n-decane, 40.5 ml of filtrate was obtained free from the olefin 
hydrocarbon, when 50 g of gel was used. Thus, 50 g of gel adsorbed 
about 2 ml of diamylene, which volume is approximately one-third 
that of the aromatic which can be adsorbed by the same quantity of gel. 
This interesting fact may be associated with the number of double 
bonds in the molecule, o-xylene having three and diamylene one. 


V. ADSORPTION EXPERIMENTS WITH MIXTURES OF A 
NAPHTHENE AND A PARAFFIN HYDROCARBON 


These experiments were designed to show the separation obtained 
when a naphthene hydrocarbon mixed with a paraffin hydrocarbon is 
filtered through silica gel. As with the preceding experiments, each 
mixture was made from hydrocarbons with approximately the same 
boiling point. Naphthenes with both 5- and 6-membered rings and 
both normal and branched-chain paraffins were used. Since the 
presence of small traces of such an impurity as an aromatic or unsatu- 
rated hydrocarbon would render the results of these experiments 
unreliable, it was first established that the individual hydrocarbons 
did not fractionate when passed through silica gel. The results of 
the experiment are shown in table 3. A small but quite definite 
separation occurred in every case, the naphthene tending to be 
adsorbed by the gel. The first 6 ml of filtrate had a definitely lower 
refractive index than the original mixture, the first 1 or 2 ml having 
an index lower than the original by 2 to 3 parts in the third decimal 
place, which corresponds to a reduction of the naphthene content, 
from the original 10, to 2 or 3 percent. The adsorbed material had a 
definitely higher refractive index than the original. The separation 
is disappointingly small. Nevertheless, the separation of naphthenes 
from paraffins is frequently so difficult that a method which gives any 
separation whatsoever is worthy of consideration as a research tool. 


TaBLE 3.—Data showing the separation of naphthene from paraffin or isoparafiin 
hydrocarbons by adsorption on 50 grams of fine silica gel 












































Refractive Volume and refractive indices of fractions after passage 
Vol indices of: through silica gel 
ume 
of Total 
Hydrocarbons hy- Srv. Main por- | Last por- | Adsorbed ah 
dro- | 4. | mix. tion of fil- | tion of fil- | material | "05 
cat- | car. | tures || Filtrate! trate dis- | tratedis- | shaken re- 
bons bons placed by | placed by | out with cove 
water water water ered 
mi | 23 | n® || ml} 2¥ | mi | 28 {mi} 23 | mi] 2% | mi 
Hept 92] 1. 3850 3 | 1.3806 
n-Heptane._.._.......... ’ ‘ 
Methyleyclohexane..... 10 1 Sopp] 3885 2 | 1.3879 24.6) 1.3886) ....|-.-..-. 7.6) 1.3893) 98.9 
60.7) 1. 3885 
2,2,4-trimethylpent 1. 3890 ‘ 1 3010 7 | 1.3922 
»2,4-trimethylpentane._ 92) 1. 4 . 391 E 
Methyleyclohexane..._. 10| 1. 4202 }1. 3022 11. 5| 1.3921|f 24.7] 1.3923 jis 1. 3932) 3.2) 1.3980) 100.9 
47 1, 3922 
n-Octan 50} 1.3950 22 1 3960 
CR A ad ate. : : 
Nonanaphthene (a cy- 5| 1.4273 }1. 3980 2.0| 1.3978|{ 27-5) 1.3980)....).-.---- 8.5) 1.3987) 53.2 
clopentane). 11. 5} 1.3980 
| 

















1 Small fractions of filtrate were removed from time to time. The total volume of those with the same 
refractive index is recorded here. 
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VI. AN ADSORPTION EXPERIMENT WITH A MIXTURE OF 
NORMAL PARAFFIN HYDROCARBONS OF DIFFERENT 
MOLECULAR WEIGHTS 


This experiment was performed to determine whether any separa- 
tion occurred when a mixture of normal paraffin hydrocarbons of 
different molecular weights was filtered through silica gel. To 
minimize fractionation by evaporation, hydrocarbons with relatively 
high boiling points (n-nonane and n-tetradecane) were chosen. The 
n-tetradecane was an Eastman product with refractive index n%= 
1.4270. This material had an odor of cracked compounds so it was 
filtered twice through silica gel, and yielded a filtrate with refractive 
index n%=1.4266. The n-nonane from petroleum was also given a 
preliminary filtration through silica gel. The results of these experi- 
ments are shown in table 4. The first 6 ml of filtrate is definitely 
higher in refractive index than the original mixture and the adsorbed 
material is definitely lower in refractive index. These results show 
that the hydrocarbon of low molecular weight was adsorbed in 
preference to that of high molecular weight. These results are in 
contrast to what is stated to happen with the lubricating oil fraction 
of petroleum in which, according to Kalichevesky and Stagner (5), 
paraffins of high molecular weight are more readily adsorbed than 
those of low molecular weight. 
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TaBLe 4.—Data showing the separation of normal paraffin hydrocarbons of different 
molecular weights by adsorption on 40 grams of fine silica gel 

















Refractive Volume and refractive indices of fractions after passage 
indices of: through silica gel 
Vol- 
ume 
of Total 
Hydrocarbons hy- Hy- Main por- | Last por- | Adsorbed riety 
dro-| Gn. | Mix- tion of fil- | tion of fil- | material |’. 
car- | cer- | tures Filtrate ! trate dis- trate dis- shaken re 
bons bons placed by | placed by | out with posts 
water water water ered 
m) | 28 | n¥ |} mi| 2% | ml | 2B [ml] 28 | ml 22 | hl 
Tetrad 25| 1. 4266 23 47 
n-1e Binnéaceosca 4 3 41 ” 
ow 25| 1.4039 }1. 4156 23 1 4158 21. 5} 1.4158) 4.0) 1.4152) 6.0) 1.4124) 47.8 
10. 4 
































1 Small fractions of filtrate were removed from time to time. The total volume of those with the same 
refractive index is recorded here. 


VII. EXPERIMENTS TO ASCERTAIN WHETHER SILICA 
GEL DECOMPOSES A MIXTURE OF HYDROCARBONS 


Silica gel is believed to act as a cracking catalyst under certain 
conditions. Several experiments were performed to determine 
whether, under the conditions employed here, the gel had any dele- 
terious effect on the oil. Since the filtrates were found to have the 
same refractive indices as the pure hydrocarbons, it is evident that 
the gel had no harmful effect on them. The composition of the 
adsorbed material was also tested. A volume of 8.5 ml of the ad- 
sorbed material (n3=1.4810), from the previous experiments on the 
mixtures of o-xylene with n-nonane, was sulphonated with concen- 

















ae Separation of Hydrocarbons with Silica Gel 59 


trated sulphuric acid. From this was obtained 1.8 ml of unattacked 
oil with refractive index n= 1.4043, which is only slightly higher than 
that of n-nonane. The sulphonated material was then transferred 
to a flask for hydrolysis and steam passed through at 110° C. to 
remove any traces of unattacked oil. No measurable quantity was 
collected at this temperature. The temperature was then raised. 
Hydrolysis began at 155° C. From 155 to 165° C, 3.5 ml with the 
same refractive index as o-xylene (n%3=1.5030) was collected. From 
165 to 170° C, 0.3 ml more was collected, with a refractive index 
n3=1.5038. 

The results show that n-nonane and o-xylene can be recovered 
unchanged from the adsorbed material rich in aromatics. Further 
evidence that silica gel has no harmful effect on these hydrocarbons 
was obtained from an experiment with a mixture of pseudocumene 
and »-decane in which the filtrate and the adsorbed material were 
carefully recombined. In this experiment, the filtrate was collected 
as one fraction in the graduated cylinder in which the hydrocarbons 
were mixed. Contrary to the usual practice of shaking the adsorbed 
material out of the silica gel with water in an erlenmeyer flask, the 
silica gel and adsorbed material were transferred directly to a dis- 
tilling flask as a suspensicn in water and the adsorbed material was 
distilled over with steam. Its refractive index was then observed 
and it was recombined with the filtrate. The volumes and refractive 
indices of the original mixture, the filtrate, the adsorbed material, 
and the recombined fractions are shown in table 5. It can be seen 
that only 0.6 ml was lost in this procedure. The greater part of this 
loss probably occurred in the adsorbed material of high refractive 
index, which underwent more operations than the filtrate. The 
slightly lower refractive index of the recombined material (only 3 
parts in the fourth decimal place) is attributable to the proportion- 
ately greater loss of adsorbed material. It is evident that no appreci- 
able harm, if any, was done to the oil. 


TaBLE 5.—Data of an experiment to ascertain whether silica gel decomposes a mizx- 
ture of n-decane and pseudocumene 














Material Volume ni 
D 
ml 
al a a 98 1. 4182 
cal tae ecard att aancank skep sebiiaenceaadcaid sack aa use mowed anil 88 1. 4122 
Aieoroed meni phenenes Gt OF OO sas bo isin i ee ee si cgstdcecansed poss 9.4 1. 4765 
REE ANA TEL e R ERMAE, SOS SRR ER SE Tig a 97.4 1. 4179 





VIII. APPLICATION OF SILICA GEL ADSORPTION TO THE 
FRACTIONATION OF A DISTILLATE OF PETROLEUM 
BOILING BETWEEN 140 AND 145.5° C 


Adsorption on silica gel has been used in this laboratory to remove 
aromatic hydrocarbons from a 17-liter fraction of petroleum distillate 
boiling normally between 140 and 145.5° C. It consisted chiefly 
of a mixture of isononanes and some naphthenes, but it also contained 
a small amount of aromatic constitutents. The last named were 
originally present in large quantities, and although an interlocking 
process of extraction with liquid sulphur dioxide and fractional dis- 
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tillation had been used to remove the greater part of them (6), some 
still remained. In a final distillation the portion immiscible with 
sulphur dioxide had been separated into 0.5° C cuts. The material 
boiling near 140° C and near 145° C smelled faintly of aromatic 
hydrocarbons. Samples of these fractions also yielded upon nitration 
a small amount of nitro product in the form of a red oil. In the 
material boiling between 142 and 144° C, where the bulk of paraffin 
constituents had concentrated, only a little aromatic material could 
be detected. Nitration tests showed that the average aromatic con- 
tent of the whole distillate was about 2 percent. 

In addition to the constituents mentioned, the distillate contained 
some ‘‘cracked’’ material. After distillation, it had been stored in 
glass bottles for three years. When the present work was begun, it 
was observed to have deposited a thin ring of gum where the oil 
surface wet the bottle. Likewise, a film of sludge was observed at 
the bottom of the oil, notably in the bottles containing distillation 
residues. The residues were also consistently yellow in color and 
possessed an unpleasant odor. To ascertain if the color, odor, and 
gum could be removed by adsorption, a sample of residue was filtered 
through a column of silica gel. As more and more oil passed through 
the gel, the top layer became colored—at first a light amber, later 
an amber red. (This coloration likewise had been observed when 
the olefin, diamylene, was passed through gel.) Some of the colora- 
tion produced on the gel was attributed to the polymerization or 
oxidation of unsaturated hydrocarbons arising from the cracking of 
the oil during distillation. The filtered oil was colorless and had no 
unpleasant odor, which was taken to mean that gum had been removed 
completely by the gel. Once the gum was removed, the oil remained 
stable with further filtration as evidenced by the fact that no further 
coloration was produced. 

To remove both aromatic hydrocarbons and gum from the distil- 
late, it was filtered through silica gel in sect the same manner 
as were the synthetic mixtures of hydrocarbons. Oil was recovered 
from the spent gel in a similar way. 

In this operation, it was obvious that, since the capacity of the 
gel to adsorb aromatic hydrocarbons varied with their concentration 
in the oil being filtered, some aromatic material adsorbed from more 
concentrated solutions would be dislodged from the gel when oil 
with a lower aromatic concentration was filtered through. To pre- 
vent this occurring all of the distillate was blended, before filtering, 
into three fractions corresponding approximately to constant-boiling 
mixtures. These are listed in table 6 according to their boiling range. 
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TABLE 6.—Volumes and refractive indices of fractions of petroleum distillate before 
and after filtering through silica gel 























Volume Refractive index 
ag oy At After filtering | After filtering 
Before Lost by | Before | 
filtering filtering filtering | | 
Filtrate | Adsorbed Filtrate | Adsorbed 
| 
D Cc | 
_—— ml ml ml ml nis ns nis 
SSO Bos casncauus 5, 230 4, 905 210 115 1.415 | 1, 4125 | 1. 445 
OE TS eevee | 5, 850 5, 380 360 110 1. 4125 1.4115 | 1. 425 
yy |) | 5, 660 5, 150 460 50 1. 418 | 1. 416 1. 438 























In practice, coarse gel was used for the most part because of the 
decidedly shorter time required to filter 17 liters of oil. Although 
its effectiveness in removing aromatic constituents was somewhat 
less than that for fine gel, because of channeling, the difference was 
minimized by using columns no greater than 3 cm in diameter. 
When channeling had obviously occurred, the oi was refiltered 
through fresh columns of gel. The columns were about 50 cm long. 
One measuring 2 by 50 cm held about 100 g of gel; one measuring 
3 by 50 cm held 200 g. The time required for oil to flow from top 
to bottom of the column, under a hydrostatic head of 10 cm of oil, 
was about 20 minutes. Longer columns were not used because it 
was more difficult to remove the gel. 

The procedure adopted for the systematic filtration was as follows. 
A portion of the blended distillate was filtered through the columns 
of gel. Portions of filtrate were removed until the first rise in refrac- 
tive index was observed and were stored as being free of aromatics. 
This procedure was followed since it had been shown with the syn- 
thetic mixtures of hydrocarbons that the filtrate was free of aromatic 
material until a rise in refractive index was noted. As a comparison 
it was found that material purified by the silica gel was lower in 
refractive index by 0.0001 than the raffinate from treatment with a 
nitrating mixture. Further fractions of filtrate were collected until 
the refractive index attained that of the oil being filtered, at which 
time the gel had become saturated. This material was refiltered. 

The columns of saturated gel were allowed to drain until oil ceased 
to flow, after which adhering oil was displaced by the addition of 
water at the top. The gel was then removed from its tube and the 
adsorbed oil recovered by shaking with water or distilling with steam. 

In table 6 are listed the volumes and refractive indices of the 
fractions of petroleum distiliate before and after filtering them 
through silica gel. The volumes listed for the fractions of adsorbed 
material are large in proportion to the aromatic content of the original 
distillate because some of the oil adhering to the gel was mixed with 
the fraction adsorbed. This caused a correspondingly lower refrac- 
tive index for the combined fraction than that for the adsorbed 
material alone. 

This experiment with one petroleum fraction shows that silica gel 
adsorption should prove to be a useful tool in the investigation of the 
composition of petroleum distillates. 
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EFFECT OF ALKALIES ON WOOL 
By Milton Harris ! 





ABSTRACT 


Data on the effect of various alkaline reagents on the physical and chemical 
roperties of wool yarn are presented. When wool is treated with dilute sodium- 
hydroxide solutions, a rapid splitting off of a portion of the sulphur occurs. On 
continued treatment, the sulphur content of the residual wool approaches a con- 
stant value of about 1.8 percent. The results indicate that the alkaline treatment 
has changed a portion of the sulphur to a form which tends to resist further split- 
ting from the molecule. Oxidizing and reducing agents attack the disulphide 
groups and make wool more susceptible to alkaline treatments. The susceptibil- 
ity of untreated wool to alkaline reagents appears to be closely associated with 
the lability of its sulphur in alkaline solutions. 
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I. INTRODUCTION 


The effect of alkalies on wool has been studied by many workers, 
generally from the standpoint of the effect of these reagents on the 
physical properties of the fiber. Wool fibers deteriorate rapidly in 
dilute solutions of sodium hydroxide. Buntrock (1),? Washburn (2), 
Matthews (3), and Speakman (4) showed, however, that when the 
concentration is increased above 15 percent, the strength of wool yarn 
begins to increase and reaches a maximum with a 38-percent sodium- 
hydroxide solution, at which point the strength of the yarn is 30 per- 
cent greater than the allen strength. Speakman further demon- 
strated that the elastic property of a single fiber is unaffected after 
immersion in a 38-percent caustic-soda solution, and that the increase 
in strength of the wool yarn is due to surface gelatinization, which 
causes fibers to bind together in the dried yarn. Chapin (5) studied 
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the relative effects of sodium and potassium carbonates and soaps on 
wool and, for equal molecular concentrations, found them to be about 
the same. 

Recent investigations by Goddard and Michaelis (6), Speakman 
(7), Pulewka (8), and Marriott (9) have shown that when wool and 
other keratins are treated with alkaline reducing agents, the disul- 
phide linkages in the molecule are split and the physical structure of 
the fiber is destroyed. Goddard and Michaelis stated that the reduc- 
ing agents acted on wool without bringing about any appreciable 
chemical alteration, other than that concerned with sulphur. Kuster 
and Koppel (10), however, found that as wool dissolved in sodium- 
sulphide solutions, a part of it undergoes disintegration with the 
formation of ammonia and diffusible, nitrogenous, cleavage products, 

The present investigation was undertaken to obtain quantitative 
data on the effect of alkalies on both the physical and chemical prop- 
erties of wool. Such data are of importance in interpreting the sus- 
ceptibility of wool to alkaline reagents. 


II. MATERIALS AND METHODS 


White worsted yarn prepared from raw wool which had been ex- 
tracted with Stoddard solvent and washed with water, but which had 
received no previous chemical treatment, was used in this work. The 
yarn was further purified by extractions with alcohol and ether for 
6 hours each and then washed with water at 125° F. All specimens 
were thoroughly conditioned and tested in a room maintained at a 
relative humidity of 65 percent and a temperature of 70° F. The 
conditioned wool contained 14.3 percent of nitrogen, 0.02 percent of 
ammonia nitrogen, 3.16 percent of sulphur, and 14.4 percent of 
moisture. 

The breaking-strength tests of the yarn were made by the single- 
strand method on a pendulum-type machine having smooth grips of 
the drum type, 1 inch in diameter. The distance between the centers 
of the drums was 10 inches. The values reported are the averages 
of 25 determinations. 

The resiliency tests were made, employing a compressometer (11). 
The compressional resilience of the specimen is the amount of work 
recovered from the specimen when the pressure is decreased from 2.0 
to 0.1 pound per square inch, expressed as a percentage of the work 
done on the specimen when the pressure is increased from 0.1 to 2.0 
— per square inch. The measurements were made on four 
ayers of yarn, wound on metal frames made from thin brass plates, 
2% by 2% by %o inch, from the center of which a 2-inch square had 
been cut. Two layers were put on the frames in each direction, each 
layer containing nine ends per inch. 

The total nitrogen was determined by the Kjeldahl method, the 
ammonia nitrogen by distillation from magnesium oxide suspension, 
the total sulphur by the oxygen-bomb method (12) and the cystine 
sulphur by the Sullivan method (13). An ammoniacal sodium- 
nitroprusside solution was used for the qualitative detection of the 
sulphydryl group. 

he yellowing of the wool by the alkaline treatment was deter- 
mined by measuring the reflectance of the specimen with respect to @ 
magnesium-oxide standard at wave length 435.8 millimicrons with a 
Martens photometer, mercury-arc lamp, and suitable filter. 
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Effect of Alkalies on Wool 
III. RESULTS AND DISCUSSION 


1. EFFECT OF ALKALINE REAGENTS ON WOOL YARN 


Four-gram samples of wool yarn were treated with 200-ml portions 
of sodium-carbonate and sodium-hydroxide solutions of various con- 
centrations at a temperature of 125° F for 30 minutes. The super- 
natant liquor was poured off, the wool washed for 4 hours in running 
distilled water, and then conditioned in an atmosphere of 65 percent 
relative humidity and 70° F. The effects of the treatments on the 
physical and chemical properties of the wool are shown in tables 1 
and 2. The results indicate that under the conditions of these ex- 
periments, there is no appreciable damage done to wool in sodium- 
carbonate solutions of concentrations lower than about 4 grams per 
liter (pH 11.1), and in sodium-hydroxide solutions lower than about 
0.038 g per liter (pH 11.8). Above these concentrations, the loss in 
weight of wool, nitrogen, and sulphur increases and the compres- 
sional resilience and the reflectance decrease with increasing alkali 
concentration. The breaking strength showed no significant changes. 


j TaBLeE 1.—Effect on wool of aqueous sodium-carbonate solutions at 125° F for 30 








minutes 
Nitrogen Sul : Compres- 
: phur | Reflectance ! | Breaking 
Concentration of Na:;CO3 pH ee content Rx/Rmgo | strength — 
g/liter mg/wool Percent kg Percent 
NR ok! Pt ek 2A - 6. 80 0.14 3. 16 0. 481 1.19 52 
ih bn nn <2nscnbibbamainnwwdadipae 10. 33 - 20 3.17 . 480 1.18 51 
livia +oncsipiiiinnibetiinnitecasaa aan 10. 70 -17 3. 16 . 480 1.19 53 
Bi. wo onasiacmicequmidareeteaiee 10. 89 15 3.15 - 481 1, 28 52 
Bis. ~.sxsevbhecbhadeoceedebana 11. 02 18 3.17 - 482 1. 26 50 
FERRE EE PRE ORES 11.00 -40 3.12 . 482 1, 25 50 
Bi <.ccbcncdabpo dupes icnmieken 11. 24 -61 3.11 - 469 1. 26 48 
TBD, nn <i csdtialasaersndiedmeds 11.30 . 65 3. 03 . 469 1. 21 43 























1 The values represent the fraction of incident light reflected. The darker (or yellower as in this case) 
the specimen, the smaller the value for light reflected. 


TaBLE 2.—Effect on wool of aqueous sodium-hydroxide solutions at 125° F for 30 
minutes 





. Sulphur 
Hof | Lossin | Nitrogen Reflect- Compres- 
Concentration| Original Pp content of Breaking 
NaOH pH mother | weight of | in mother wool after RijReco strength — 


liquor wool liquor treatment 








Percent | mg/g wool Percent kg Percent 
6. 80 6. 68 0. 61 0.09 3.15 0. 475 1. 20 51 
9.11 6. 90 - 60 -10 3. 16 471 1,19 52 
10. 83 8.77 - 65 . 08 3.17 . 474 1.12 50 
11. 49 10. 14 . 69 . 08 3.15 - 476 1. 20 52 
11. 82 11. 33 . 67 -ll 3. 03 . 467 1.16 53 
12. 41 12. 26 1.36 . 84 2.93 . 460 1.14 49 
12. 61 12, 49 2.14 1,79 2.74 - 463 1.19 48 
12. 73 12. 66 2. 55 2. 59 2. 55 455 1. 16 35 





























The effect of various other alkaline reagents was determined by 
treating 4-gram samples of the wool yarn with 200-ml portions of 
.25-percent solutions of soap, borax, trisodium phosphate, sodium 
carbonate, and sodium metasilicate, all of which had been brought 
to pH 12.2 by the addition of sodium hydroxide. The temperature 
was 150° F and the time of treatment 30 minutes. The skeins were 
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washed for 4 hours in running distilled water and conditioned. The 
results are recorded in table 3. The data indicate that at pH 12.2, 
the solutions of sodium carbonate and trisodium phosphate cause the 
greatest chemical degradation of the wool. Duplicate experiments 
with these materials without the addition of sodium hydroxide were 
not made. The specimens treated with the soap solution were the 
whitest and most resilient, but showed the greatest decrease in break- 
ing strength. The decrease in strength is attributed to the fact that 
the soap solution kept the wool yarn soft and fluffy, whereas in the 
yarn treated with other alkaline solutions, the fibers were matted and 
stuck together. 
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TaBLe 3.—Effect on wool of 0.25-percent solutions of various reagents brought to 
pH 12.2 with NaOH 


[Time of treatment was 30 minutes and the temperature 150° F] 











Loss in weight c 
om pres- 
Reagent Refgtance | Broking | stn 
Wool | Sulphur | Nitrogen ence 
mg/g mg/g mg/g kg Percent 
Sodium hydroxide. -.............- 23.0 6.6 3.37 0. 424 1.22 4 
Dosaiitmemtio~enmnnwaguaetabeuipeiivn 19.1 5.9 2. 85 477 . 94 51 
II ck sis aha cctciaineginesustnlaiaisastcbtbnsts 20.8 7.6 2. 96 . 429 1.14 44 
Trisodium phosphate -..........- 24.8 8.4 3. 83 - 425 1.12 42 
Sodium carbonate...............- 26. 0 8.2 3. 66 . 432 1.10 43 
Sodium metasilicate_...........-.- 20. 6 6.9 3. 06 - 442 1.13 “4 























2. NATURE OF THE ACTION OF ALKALIES ON THE SULPHUR OF 
WOOL 


Although wool contains about five times as much nitrogen as sul- 
phur by weight, the data in table 3 show that about twice as much 
sulphur as nitrogen was removed from the wool under the conditions 
of the experiments. This indicated that the susceptibility of wool to 
alkalies is closely related to the lability of its sulphur in alkaline solu- 
tions. It seemed pertinent, therefore, to study the effect of the con- 
tinued action of alkali on wool, and to determine the rate of removal 
of sulphur and nitrogen from the wool molecule. 

Six-gram samples of wool were treated with 300-ml portions of 
0.065 W sodium-hydroxide solutions at 150° F for various lengths of 
time, washed for 4 hours in running distilled water and conditioned. 
The loss in weight, and the moisture and sulphur contents of the yarns 
were determined. Aliquots of the mother liquors were analyzed for 
total and ammonia nitrogen, and sulphur. The results are given in 
table 4, and are shown graphically in figure 1. The losses in total and 
ammonia nitrogen are approximately proportional to the loss in 
weight of wool. The loss of sulphur, however, took place at a more 
rapid rate until the sulphur content of the wool had dropped to about 
1.8 percent, after Boa. the loss was also approximately proportional 
to the loss in weight of the wool. It is of interest to note that after 
4 hours’ treatment only 9 percent of the wool had been lost, 41 per- 
cent of the sulphur had been lost, and the sulphur content of the 
treated wool had dropped to 1.86 percent. Similarly after 48 hours’ 
treatment, 66 percent of the wool was lost, but the sulphur content 
of the sounded wool was still 1.87 percent. The broken curve 
figure 1 represents the theoretical amount of sulphur that would be 
lost if the sulphur had split off as an integral part of the wool molecule. 
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Ficure 1.—Effect on wool of the continued action of 0.065 N NaOH at 150° F: 


TaBLE 4.—Effect on wool of the continued action of 0.065 N sodium-hydroxide 
solution at 150° F 














Moisture 
Lon in Total —— he ; a eae — of 
: nitrogen | nitrogen in ss in sulphur | content o condi- 
Time of treatment se of! in moth-| mother content of wool | wool after | tioned wool 
er liquor liquor treatment | after treat- 
ment 
Minutes Percent mg/g mg/g bmg/g emg/g Percent Percent 
A AR 2.74 Me Tcbbccosnuene 4.4 4.0 2.76 14.4 
SEL Te ee eae ae 3.42 AF ht cebocass 8.8 7.4 2.42 14.3 
CEES asiohcnic meee 3. 87 5.5 0. 55 10.1 9.7 2. 34 14.4 
SESE ARS Pe Pen 4.27 OO Ric. Ais 10.4 9.8 2.21 14.2 
ERE RE a 4, 55 BET Biicincaeomainaiel 10.9 10, 2 2. 20 14.4 
Hours 

a cs atl 4,83 7.5 79 11.6 11.3 2.18 14,2 
bic cpianianiniktdinnns odin 5.97 9.3 . 98 12.8 12.1 1,97 14.4 
ERS Sree yaee ie 8. 38 12.6 1, 26 14.0 13.6 1,90 14.5 
ARSE CR SS Ses ot 9.11 14.6 1,37 14.5 14.0 1, 86 14.3 i 
TR ee ne Meee me 2 11, 20 17.7 1.79 14.9 14.8 1,85 14.4 
RRR sea ater 2, @ 36.00 55. 1 5, 07  Rittantowss: 1,82 15,1 
IIS SASS ER AE * 66.00 92.8 8.02 TL Bhcnienece 1, 87 16.6 


























* The residual wool after 24- and 48-hour treatment was gelatinous and a portion of the fiber was lost dur- 
ing washing. ‘The accuracy of these values is questionable. 

>Calculated from the sulphur content of the residual wool. The sulphur in the wool was determined 
by the oxygen-bomb method. 

¢Sulphur found in the mother liquor. It was determined by treating an aliquot with N hydrochloric- 
acid solution saturated with bromine. The solution was allowed to stand on a steam bath for 4 hour and 
the sulphur determined as barium sulphate. It has been shown that the sulphur in wool or cystine is not 
ps ope Pa — poor these conditions. This indicates that the sulphur found by this method is 
split off from the wool. 


When specimens of the wool yarn were treated with 0.25 N sodium- 
hydroxide solutions under the conditions described, the sulphur con- 
tent of the residual wool became constant after about 20 minutes at 
about 1.8 percent. The results are given in table 5. 
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TaBLe 5.—Effect on wool yarn of 0.25 N sodium-hydrozide solution at 150° F 








| Loss in Sulphur con- 
Time of weight of | tent of wool 
treatment wool ! after treatment 
Minutes Percent Percent 
10 22 1.91 
20 34 1. 85 
40 46 1.78 
60 58 1, 83 
90 68 1.79 

















‘Wool became gelatinous. 


The experimental results seemed to indicate that this initial rapid 
splitting off of a portion of the sulphur from wool might be due to one 
of several factors; namely, that a large proportion of the sulphur of 
wool was concentrated near the surface of the fiber; that the sulphur 
was chemically combined in wool in more than one way; or that a 
portion of the sulphur was changed to a more stable form during the 
alkaline treatment. 

The distribution of the sulphur in wool was investigated by study- 
ing the effect of the alkali on powdered wool. Three-gram samples 
of wool which had been ground in a ball mill (particle size 0.3 to 
2u) were put in 150-ml portions of 0.065 N sodium-hydroxide solutions 
at 150° F for various lengths of time, after which the alkaline solutions 
were quickly cooled in ice water, centrifuged for 5 minutes at 2,200 
rpm and the supernatant liquid decanted. Distilled water was 
mixed with the residue and the resulting suspension again centri- 
fuged. This rinsing was repeated six times. The powder was dried 
for 24 hours at 105 to 110° C and the total sulphur determined. The 
results in table 6 show that the sulphur content decreased at a slightly 
faster rate than that of the wool yarn, but became constant after 3 
hours at about 1.8 percent (calculated on basis of 14.4 percent of 
moisture). The close agreement of the results obtained on the wool 
yarn and wool powder indicates that the sulphur is uniformly dis- 
tributed throughout the wool fiber. 


TaBLe 6.—Effect on powdered wool of 0.065 N sodium-hydrozide solution at 150° F 





: Sulphur con- 
Pes nH tent of wool 
after treatment 


Sulphur con- 
Be tent of wool 
after treatment 





Hours Percent Hours Percent 
1 2. 00 4 1.80 
2 1.95 5 1.78 
3 1.85 24 1,81 























That the bulk of the sulphur in wool is not combined in more than 
one way and is practically entirely present as cystine sulphur, has 
been shown by Rimington (14) and by Sullivan and Hess (13). 
Employing the Sullivan method for the determination of cystine, It 
was found that at least 96 percent of the sulphur of the wool used in 
these experiments was cystine sulphur. The presence of practically 
all of the sulphur in one form was further demonstrated qualitatively 
by the following procedure. When cystine was treated with an 
ammoniacal solution of sodium nitroprusside no reaction occurred. 





Leal 


m~ Bio ofS 


as 3m aoe es et 


SS — ae ee 


SS Se ee ee ee a ee ee ee es a iF — —- 








Harris) Effect of Alkalies on Wool 69 


On addition of potassium-cyanide solution, the cystine was reduced 
to cysteine according to the following reaction and a violet-red color 
was produced. The nitroprusside reaction is a test for the sulphydryl 


(—SH) group. 
CH,S—S—CH, CH,—SH 
CHNH,  CHNH, H 2 CHNH, 


l = 
CooH coon O oon 
Cystine Cysteine 
Similarly, wool was treated with an ammoniacal solution of sodium 
nitroprusside and gave a negative reaction, but after addition of the 
reducing agent, a violet-red color developed on standing. In view 
of these results, it appears that the alkaline treatment has changed 
a portion of the sulphur of wool to a form which tends to resist 
further splitting off from the molecule on continuation of the treat- 
ment. 


3. EFFECT OF ALKALIES ON WOOL TREATED WITH OXIDIZING 
AND REDUCING AGENTS 


It is well known that when wool and other keratins are treated 
with alkaline reducing agents, the disulphide linkage (cystine sul- 
phur) is split. Oxidizing agents also react with the disulphide 
groups in keratins, but their action is not specific for these groups, 
since they are known to attack other parts of the protein molecule. 
The oxidation of the disulphide group proceeds very slowly and it is 
only with difficulty that these linkages are split by oxidation methods. 

It is obvious that a number of oxidation products of cysteine and 
cystine are possible. The intermediate oxidation products have 
never been definitely isolated although Lavine and Toennies (15), 
in studies of the oxidation of cystine in nonaqueous media, obtained a 
precipitate with a composition approximating that of a sulphoxide. 
There is, as will be shown later, some evidence which indicates the 
formation of these intermediate products during the oxidation of wool. 

The effect of alkali on oxidized wool was studied. Wool yarn was 
treated with 3-percent hydrogen-peroxide solution for 24 hours at 
room temperature, after which the yarn was thoroughly rinsed and 
conditioned. The sulphur content of the treated wool was slightly 
lower (3.12 percent), but the physical properties were the same as 
those of the untreated wool. When the oxidized wool was treated 
with an alkaline nitroprusside solution, a negative test was obtained, 
but on addition of sodium-cyanide solution, a violet-red color was 
produced. The color obtained with the nitroprusside test developed 
much more rapidly with the oxidized wool than with the unoxidized 
wool. However, when equal amounts of the treated and untreated 
wool were dissolved in normal sodium-hydroxide solutions and equal 
amounts of sodium nitroprusside were added to each, the solution of 
the unoxidized wool was the more deeply colored. The results show 
that oxidation has made the disulphide group more labile to alkaline 
reagents, but has also reduced the number of potential sulphydryl 
groups in the oxidized wool. This suggests the possibility that 
under the conditions of the oxidation in these experiments, inter- 
mediate products such as the following are formed: 


R-SO-S-R or R-SO,-S-R 
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Samples of the oxidized wool were treated with 0,065 N sodium- 
hydroxide solution as previously described. The loss in weight of the 
wool and the sulphur content of the wool after treatment are given in 
table 7. The sulphur content became constant after 2 hours at about 
1.96 percent. The rate of loss in weight of the wool was much greater 
than that of the unoxidized wool treated with 0.065 N sodium- 
hydroxide solutions. 


TasLe 7.—Effect of 0.065 N sodium-hydroxide solution at 150° F on wool yarn 
which had been treated for 24 hours with a 3-percent hydrogen-peroxide solution 





Loss in Sulphur con- 
Time weight tent of wool 
of wool | after treatment 





Hours Percent Percent 
6 7.8 2. 41 
1 9.9 2. 30 
2 12.1 2.02 
3 14.3 1. 97 
5 18.9 1.95 
24 48.8 1, 96 

















When samples of the wool yarn were treated with 0.065 N sodium 
hydroxide solutions containing 1 percent of sodium sulphide, and 
with 1 percent sodium-sulphide solutions alone, the wool fibers dete- 
riorated rapidly. All of the samples became gelatinous within a few 
minutes, which prevented an accurate determination of the loss in 
weight of the wool. It was estimated that for the shortest period of 
time (4% hour), the wool lost more than 50 percent in weight. The 
sulphur contents of the residual wool are given in table 8. Addition 
of the reducing agent splits the disulphide linkage and the wool 
rapidly loses its fibrous structure. 


TaBLe 8.—Sulphur contents of wool treated with 0.065 N sodium-hydroxide solution 
containing 1 percent of sodium sulphide and with a 1-percent sodtum-sulphide 
solution alone at 150° F 








Sulphur content 
of wool treated rr pe} coneey 
Time with 0.065 N with 1% of 
NaOH+1% Nae 
of NasS 3 
Hours Percent Percent 
44 3. 03 3. 04 
1 OS eae, nn Teen 
2 2. 86 2.77 

















It is of interest to note that while the wool deteriorates very rapidly 
in the presence of alkaline-reducing agents, the sulphur content of the 
residual wool was much higher than when sodium hydroxide alone 
was used. This suggests that the disulphide sulphur is more labile 
to alkaline treatment than the sulphydryl sulphur. This is in agree- 
ment with the results of Gortner and Thor (16), who found that 
cysteine is more stable toward alkalies than cystine. 
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IV. CONCLUSIONS 


When wool is treated with dilute sodium-hydroxide solutions, a 
rapid splitting off of a portion of the sulphur occurs. On continued 
treatment, the sulphur content of the residual wool approaches a 
constant value. The results indicate that the alkaline treatment has 
changed a portion of the sulphur of wool to a form which tends to 
resist further splitting from the molecule. Oxidizing and reducing 
agents attack the disulphide group and make wool more susceptible 
to alkaline treatment. “he susceptibility of wool to alkaline reagents 
appears to be closely associated with the lability of its sulphur in 
alkaline solution. 
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INFLUENCE OF SULPHONATED COD-LIVER OIL ON THE 
DETERIORATION OF VEGETABLE-TANNED LEATHERS 
BY SULPHURIC ACID 


By Everett L. Wallace, Charles L. Critchfield, and John Beek, Jr. 





ABSTRACT 


The deterioration by sulphuric acid of leather containing 10 percent of sul- 
phonated cod-liver oil was compared with that of leather containing no sulpho- 
nated oil. It was found that the addition of oil did not protect the leather from 
the effect of the acid. The addition of oil apparently increased the effect of the 
acid on the leather tanned with oe Thar gates: extract. All of the leather which 
had a pH less than 3.0 showed deterioration after 2 years’ aging. 
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I. INTRODUCTION 


An extended study of the effect of sulphuric acid on leather has 
been in progress at the National Bureau of Standards for about 8 
years. The object has been to determine the influence of various 
factors on the deterioration of leather by acid. It was shown ' that 
the addition of 20 percent of a mixture of equal parts of beef tallow 
and cod-liver oil has no significant effect on the deterioration of 
leather by sulphuric acid. The present phase of the investigation 
was undertaken in order to determine the influence of the addition of 
sulphonated cod-liver oil on the effect of sulphuric acid on leather. 


II. MATERIALS AND METHODS USED 


Two lots of five hides each were used to prepare the leather. The 
tanning process was carried out in the experimental tannery at this 
Bureau, one lot being tanned with chestnut-wood extract, the other 
with quebracho-wood extract. The results of the analysis of the 
leathers before treatment are given in table 1. The official methods 
of the American Leather Chemists Association were used for the 
analyses, except for the total sulphur, which was determined by a 
nitric-acid-bromine-oxidation method.? 

1J. Am, Leather Chem. Assn. 26, 667 (1931). 
*J. Am. Leather Chem. Assn. 26, 444 tat 
73 
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TaBLE 1.—The chemical analyses of leathers before treatment 


[The results are expressed as percentage of the leather, excepted for degree of tannage and pH] 














Tanning material Chestnut Quebracho 

Ny siiicnennntenticaine sate mendicianintindasienuagena tage tmeewidiiniimuisaliale 7. 67 9.00 
ELLIE LIDS IE LENDER LL DERE AE LRA 50. 15 47.93 
ny REID UEUENPININY CIID csi os, maotsinsion onsen tpasercigncamianmnenemneaseetonel 4.18 3.14 
EE RR PAR EATER LL AP ECGS AT IRA OMIT LIE LAOS LE 10. 66 9. 93 
SS SCC SEES eS EE a Ee 0. 10 0. 10 
ORE Rn atti 1 ge EE DE a Big Piso eM 0 27. 24 29. 90 

i iiiadthtatatsig neraicorsadnnnte wietoanarcaimiceniaaa totais a aaa 100. 00 100. 00 
NN ER DCE RR I OI LEN EET I 4.28 HTM oF 54 62 
EE ITO DELLE LIL RELA 6. 31 7.68 
EET LOL RN AeA EN OO a 1. 36 1.32 
pT RES wate ot RD CT A LT eS la a oe ee RR ee 0. 26 0. 16 
I ID cists secepsiestisiiashaislhan teatpitecesecasle ee dihiitnonsaliaaaecnteiparainnse) 0.14 0.10 
IE Tr ane eee aI ye aT 4.18 5. 45 











1 Determined by difference. 
2 The ratio of combined tannin to hide substance. 
* 4.9 g of dry leather in 100 ml of distilled water. 


The sulphonated cod-liver oil was a commercial product, containing 
2.08 percent of sulphur, calculated as sulphuric acid, 2.3 percent of 
ash, and 8.2 percent of water. The oil was ammonia neutralized. 

The distribution of the leather relative to hide location, for the 
treatment with acid and oil, was like that previously described,’ except 
that each value of deterioration reported is calculated from the average 
of 30 samples instead of 42. The amounts of acid added were ap- 
wth Sane 0,1,2,and3 percent. After the acid treatment, one-half 
of the leather was oiled with sulphonated cod-liver oil. Each test 
block was weighed and the oil at 40° C was rubbed into the leather 
until the gain in weight indicated an oil content of 10 percent. The 
results of the total sulphur and pH determinations on the treated 
leather are given in table 2. 

The leather was aged at a temperature of 70° F and a relative hu- 
midity of 65 percent. Samples for the determination of tensile 
strength were taken 0, 6, 12, 18, and 24 months after treatment. 


III. RESULTS 


The quantity used as a criterion of deterioration is the ratio of the 
average tensile strength of a group of aged samples to the ee 
tensile strength of the corresponding group before treatment. Table 
2 shows these ratios for the five aging periods. The results for the 
24 months’ aging period are shown in graph A, figure 1, plotted 
against the pH of the leather before aging. 


§ J, Research NBS 14, 121 (1935) RP761 and J. Am. Leather Chem. Assn. 30, 91 (1935). 

















Wallace, Critehfield,) — Suulphonated Cod-Liver Oil in Leather 75 


TaBLE 2.—The analysis of the treated leather and the results of the determinations 
of the relative tensile strength 



































CHESTNUT 
Percentage tensile strength retained after 
treatment and aging 
Oil added Acid pH 
added 
Age (months)— 

0 | 6 | 12 | 18 py 

il a a 0. 00 4.18 100 96 93 98 92 
RRS RE A See Re 1.17 3. 05 97 95 96 98 93 
D .. Saihieda ak pctiinwecuiieasseumaduiaits 2.18 2.72 94 90 86 83 80 
RR ee, SR Serene MEGAN a eee eee Ae 3. 16 2. 39 91 81 73 70 61 
Eps eit See: De EN aS ae OAR 0. 06 4.32 108 100 103 108 104 
 . . sci id keinabuadabdbecthinedobaqesd 0. 83 3.17 104 99 101 104 96 
RBS BEERS E. INES SRE. EE 1.85 2. 76 102 96 93 91 85 
DD. .custitivlaescietawineachioupeaadeubohowee 2.95 2. 46 92 77 71 68 | 66 

QUEBRACHO 

0. ccc cSessesSes pecs sesccemainesneeess 0. 00 5.45 05 97 95 | 100 99 
6. ccnsdiioweeeenubnnskescduudcbanimemenwens: 0. 88 3. 55 9 98 99 104 98 
D cictubinasdhiitipesnn komdetcniewatebuad an 1. 54 2.98 101 99 97 101 97 
D. . cintietis Meine annEniacabbaaerbam eae 2. 42 2. 54 96 96 92 93 90 
D. .ccubnivsilibianudtieabbbeaeospebeinse 0.00 5. 58 107 103 105 108 109 
DD, cc cuge teal ees knee eae 0.85 | 3.68 101 100 100 106 108 
DD. cocntinnendiitititba pine Gndidbyecedinneunine 1.43] 3.07 108 106 105 108 107 
OE. conkoletucre et easceunscncouecetincs 2.20) 2.53 103 98 99 97 93 

















As the addition of oil increased the tensile strength of the leather, 
a direct comparison of the leathers, with and without oil, shows not 
only the influence of the oil on the deterioration of the leather by 
acid, but also the effect of the oil on the leather. In order to make 
a proper comparison of the leathers, the relative tensile strengths 
given in table 2 were reduced to a common basis by subtracting the 
values for the leather containing no added acid from the other values 
in the same group with respect to oil treatment and aging period. 
Taking the chestnut leather without added oil for example, the figure 
92 was subtracted from each of the values given for the 24 months’ 
period. The resulting corrected values show the effect of the acid on 
the tensile strength of the leather. The results for the 24 months’ 
aging period are shown in graph B, figure 1, plotted against the pH 
of the leather. 

There is apparently a difference between the two kinds of leather 
with respect to the effect of the oil on their deterioration by acid. 
Graph A, figure 1, shows that the chestnut leather containing acid 
was not improved with respect to its deterioration by acid Ey the 
addition of oil except as a result of the increase of the pH. That is, 
after 24 months’ aging, the leather containing added oil was no better 
than that to which no oil was added. In contrast to this, the quebracho 
leather containing added oil and acid was considerably stronger after 
24 months’ aging than that containing no added oil. This difference 
is shown also in graph B, where the effect of the acid on the chestnut 
leather containing oil appears to be greater than on the other leather. 
Although the appearance of this effect may be a result of experimental 
error, it does not seem probable that this is the case, as a direct com- 
parison of the tensile strengths of the oiled and unoiled chestnut 
leather gives the same indication for the 12, 18, and 24 months’ aging 
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periods. However, it is certain that the oil did not decrease the effect 
of_the acid on either the chestnut or quebracho leather. 
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Figure 1.—Results of the 24 months’ aging tests plotted against the pH of the leather 


before aging 


It should be noticed that in no case did a sample with a pe lower 
than 3.0 before aging retain its original tensile strength, after aging 
2 years. This is in accordance with previous findings in this study.’ 


4J. Research NBS 14 (1935) RP761. J. Am. Leather Chem. Assn. 30, 91 (1935). 
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IV. SUMMARY 


The influence of the addition of 10 percent of sulphonated cod-liver 
oil on the deterioration by sulphuric acid of leathers tanned with 
chestnut- and quebracho-wood extracts was determined by comparing 
the —_ with age of the tensile strength of leather with and without 
added oil. 

The addition of the oil apparently increased the effect of the acid 
on the chestnut leather. It had no influence on the effect of acid on 
the quebracho leather, except for the sample containing the most 
acid. The tensile strength of the leather containing no acid was 
increased by the addition of oil. 

Leather having a pH lower than 3.0 before aging showed deteri- 
oration after 2 years’ aging. 


WasHInctTon, May 15, 1935. 
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INFRARED ARC SPECTRUM OF CHROMIUM 
By C. C. Kiess 





ABSTRACT 


The new types of plates, sensitive to infrared light, have made it possible”to 
photograph the are spectrum of chromium out to 11610 A. Approximately 200 
wave lengths have been recorded for this region. Most of these are classified as 
combinations between terms already known and the new terms, mostly of the 
triplet system, which are given in the paper. 





I. INTRODUCTION 


Fifteen years ago a survey of the are spectrum of chromium, ex- 
tending from 5500 A to the infrared limit photographically attainable 
at that time, was made in the spectroscopic laboratory of the National 
Bureau of Standards.!. This work not only bridged the gap that had 
previously existed between the longest known wave length in the red 
and the beginning of Randall and Barker’s? list of infrared lines, 
observed radiometrically, but also pointed out the first regularities 
to be noted for this spectrum. An outstanding feature of the chro- 
mium are spectrum is the presence of several intense triplets of which 
some lie in proximity to the boundaries between the traditional 
actinic, visible, and infrared regions. Thus, for example, the infra- 
red chromium spectrum may be considered as that portion composed 
of wave lengths greater than those of the strong triplet at 7356, 
7400, and 7462 A. The production of new types of photographic 
plates in recent years by the Eastman Kodak Co., far surpassing in 
sensitivity those used in this earlier work, has made it desirable to 
resurvey the infrared region of the chromium are spectrum, espe- 
cially since our present knowledge of its term structure enables us 
to predict lines not observed in the earlier work. It is the purpose 
of this paper to describe the infrared arc spectrum of chromium as 
revealed by this more recent investigation. 


II. RESULTS 


The observations were made with the concave-grating spectro- 
graphs of the National Bureau of Standards, according to our usual 
practice, which has been described frequently in earlier papers.’ 
The grating ruled with 20,000 lines per inch, giving a dispersion of 
3.5 A/mm in the first order, was used in making the spectrograms out 

' Kiess and Meggers, BS Sci. Pap. 16, 58 (1920) 8372. 
4 Astrophys. J. 42 (1919). 
* BS J. Research $, 309 (1932) RP473. 
139420—35—6 79 
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to 9100 A. Beyond that limit all the spectrograms were made with 
the 7,500-lines-per-inch grating, dispersion 10.3 A/mm. In all the 
exposures, which varied a rom a few minutes to two hours, the light 
source was an arc between lumps of very pure chromium metal 
between which a direct current of 6 or 7 amperes was maintained 
under a potential of 220 volts. For each region photographed the 
appropriate sensitive plate, as recommended by Mees,* was employed 
after it had been hypersensitized in an ammonia bath.® 


TABLE 1.—IJnfrared wave lengths of Cr 1 


| 
Inten-| Wavenum-| Term combi- 
sity | ber (vac.) nation 





Wave num- Term combi- 
ber (vac.) nation 


Asir Pa Aair 











9934.52} 2| 10063.16| y’Py—e'S, 
9904.47; 8| 10093.69| a*D;—2°D3 
9900.87| 15} 10097.36| a*P,—z*P} 
| 9845.19 1] 10154.46| y’P3—eS, 
i| 
| 
| 





11484.50 15) 8705.01) 25P3—e°D; 

11472.93 10) 8713.79, z5P3—c'D; 

11397.96| 12) 8771.10) 25P;—cD, 

11390.63| 15) $776.74) 25P3—ecD, 
| 


11379.26| 5) 8785.52) 25P;—cD, 
11339.16} 15) 8816.58) z25P]—c®D, 
11331.88| 10) 8822.25) 25Ps—cD, | 
11310.69| 12} 8838.78) z25Pj—c'D, 
11157.03| 25) 8960.51) y7Pj—e’S; 


| 
11044.64) 5} 9051.69) b5D,—z*Ds_| 9667.20} 25) 
11015.63| 30| 9075.53| y’Ps—e’S,; || 9626.30| 4| 10385.36| a*P,—2P; 
10957.19| 12) 9123.93] b’D.—2D} 9574.25] 50| 10441.82| a°G,—25F3 
10929.90, 10) 9146.71) b’Dyp—z5D? 9571.76| 25| 10444.54| a°G,;—2°F3 
10905.83' 25, 9166.90) y7P3—e’S, 9568.58;  4| 10448.01| a5G,—2°F; 


10902.90, 2| 9169.37 9520.15, OOO 
10821-6212) 9238.23] b*D,—2Dy_ |} 9447.00] 50) 10582.47 es 
10816.91; 8| 9242.26) bD,—25D3 —#Fi 
10801.37| 12| 9255.55| BD,—2Ds_ || 9444.36 Cae 
10672.17| 18] 9367.60) b5D;—z°D3 ag ‘| 10637-50 
10667.53} 15} 9371.68| b°D,—2°D3_ || 9362.06; 10| 10678.48| a*P,—2*P; 
10647.66 12) 9389.17) Di—z'Ds_ || 9313.55] 8) 10734.10) at Fy—28Pi 
10631.42 2| 9403.50) wFi—e°G, a®Gs— 2F} 
10550.12) 3] 9475.97| bD,—2°P3 9294.17} 20) 10756.48 {sci ar 
10509.96 10| 9512.18] BD;—2'D; || 9290.44| 50| 10760.80| a°G.—2°F; 
9263.97, 20) 10791.55) a®F;—2°G}3 

25 

6 





9773.30} 10) 10229.15) a*D,—z*D; 


9758.71; 2) 10244.45 
9752.84 4| 10250.62) a®P,—z*P3 
9734.52| 50} 10269.91| a°G,—25F} 
9730.32| 25) 10274.34| a*D;—z°D; 
9670.48 of 10337.91| a5G3s—2°F3 


| 
| 
saingpeend | | 
11610.48| 15) 8610.55) 25P3—c'D, | 
| 
| 





10341.42) a'G,— 25F3 











10486.24, 20! 9533.70) b&D.—zD; 
| 9208.29 10856.80| a*F,—2°G, 
10416.75|  2| 9597.30) b)D,—z*P} at 10027821 @F 2G. 


























Tan >s| Gaeeee oP oP 9142.60/ 8 10934.81| #G:—eG, 
Kas , , 9140.51; 8} 10937.31) #Gi—eéG, 

10089.61| 2;| . 9908.48) &D—a°F3 9128.10 2} 10952.18 

10083.17) 5) 9914. 80) aD.—z*Dj 9113.08 2} 10970.23) c®D,— ’ 5D3 

10080.32} 15) 9917. 60 a D,—2*D} 9093.76 2} 10993.54 

9949.06, 20) 10048. 45) a@D,—z*D3 9068.30 2) 11024.40) c&D,—z’ 5D; 

9946.30) 7; 10051. “ a@D,—2°D3 9059.74 5| 11034.82) a®F,— 2°G3 


4J. Opt. Soc. Am., 25, 80 (1935; 
‘ Burka, J. Franklin Inst., 188, ‘ss (1920). 
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TaBLE 1.—IJnfrared wave lengths of Cr 1—Continued 
: Inten-| Wave num- Term combi- | " Inten-| Wave num- Term combi- 
Nair sity | ber (vac.) nation am sity | ber (vac.) nation 
9035.86] 20) 11063.99] a®G;—2°G3 8530.40 1| 11719.56| 25H;—eG;, 
9021.69} 50} 11081.36) 2P;—e'S, 8511.02 7| 11746.25) 25Hj—e®G; 
9017.10} 75) 11087.00) 25P3—e5S, 8483.36 4| 11784.55) 25H3;—eéG, 
9009.95} 100} 11095.80) z25P3—e'S, 8458.11 3} 11819.73 
8989.19 3} 11121.42 8455.24; 12) 11823.74) a'P,—25D3 
8976.88} 25) 11136.67| a®G,—2G3 8450.26) 15) 11830.71| a5P;—z5D3 
8957.97 2} 11160.18) a5 F,—25G3 8442.95 2} 11841.09 
8955.74 6} 11162.97| a5F,— 25G3 8418.34 2} 11875.57 
8949.57 3} 11170.66 8416.58 2} 11878.05 
8947.20} 35) 11173.62| a’G;— 2G: 8397.04 6} *1905.69) a5P,—2°P3 
8943.71 2} 11177.99 8378.52) 16, 11932.01) 2F;—e&G,; 
8939.20 8} 11183.62) a5F,—25G3 8348.28) 20) 11975.23) a5P;— 25D; 
8936.48 3} 11187.02) a5 F,—2°Gj 8338.83 5} 11988.80) cDo—v'F} 
8929.45} 2) 11195.82| a'F;—25G3 8336.81; 8] 11991.70| 2F;—eG, 
5 — g5( te be ° 
8925.75] 10} 11200.48 (oo och 8323.44 5} 12010.96) &D,—v5F3 
8322.99 3} 12011.62) a3H,—z°G3 
8917.14} 8] 11211.28| a5F,— 2°G3 8322.06} 20| 12012.96| cD, —»F; 
8916.20} 15} 11212.46) a5 F;—2°G§ 8318.25 8} 12018.46| 23Fs—eG, 
8898.60 1) 11234.64 8303.19 6| 12040.26) a5P, — 2°P; 
8870.35 2} 11270.42) a'F,—2°D; 8297.58 3} 12048.40 
8835.67| 10) 11314.66) a®G,—2G3 
8296.90 4; 12049.39) a5P,—zP}; 
8808.84 2} 11349.12) &D,— u5P3 8290.62; 10) 12058.52| c'D,—v'F3 
8796.16 2; 11365.48 8287.38) 25) 12063.23) &D,—v'F3 
8789.54 1} 11374.04| 6?P,— 2D} 8286.33 2} 12064.76 
8788.31 1} 11375.63 8285.72 2) 12065.64 
8786.96 4| 11377.37| &D;—u®P3 
8273.80 3} 12083.03) 25F3— eG, 
8784.15 2} 11381.02| cD o— uP} 8273.20 3} 12083.90 
8773.56 5) 11394.75| c®D.—wP3$ 8264.27 2} 12096.96) 2° F;—e5G, 
8767.12 41 11403.12) &D,— uP} 8261.95 8} 12100.36) atH,—2°G3 
8753.50 5| 11420.87|) B® P,— 2D; 8240.67 2} 12131.61] c&Dy—w5D} 
8743.55 2} 11433.86] b&P)— 22D} 
8238.29} 12| 12135.11) c&D,—v5F; 
8732.17} 3) 11448.77) c&D,—udP} 8235.89} 30) 12138.65| &D;—v°Fj 
8718.70! 8| 11466.45| cD;—u'P3 8225.67) 3) 12153.73) &D,—w'Dj 
8716.09 1) 11469.89 8224.09} 8] 12156.06) atH,—2G3 
8707.95) 12} 11480.61|) aP,— 25D} 8218.07 3! 12164.97 
8707.42 7| 11481.31) e&Dy— ub P3 
8216.28 5| 12167.62) &D,—w'Ds 
8687.47) 7| 11507.68) BP,— 2D3 8194.87 4| 12199.40) &D,— wD; 
8681.89} 3] 11515.07| a5F;—2°D; 8188.77 3} 12208.50 
8676.00, 1] 11522.89 8185.69 5| 12213.09) &D,—w'D3 
8653.57, 1) 11552.76 8169.80 5} 12236.84) oD )—uFi 
8652.24) 3) 11554.53) BP,— 2°D3 
8167.94 4| 12239.63 
8643.03) 12) 11566.84| a5P,— 2D? P OD,—v' Fj 
8636.26] 10] 11575.91| a‘P,— 2D} 8166.66) 7) 12241.55)) sp) wsDs 
8609.26; 2} 11612.21 8163.22} 35) 12246.70) cD,—v°F3 
8583.01) 10} 11647.73) 2H?:—eéG, 8155.00 6| 12259.05) &D,;—wFi 
8562.56 5} 11675.55| 2Hg—eG; 8128.28 8} 12299.35|) &D,;—wF3 
| 
8555.54) 5) 11685.13) a5P,;—25D3 8124.83 2} 12304.57) &D.—wFi 
8583.20) 2} 11688.32| B3P,—2z°D3 8119.13 3} 12313.21| &D;—w5D; 
8548.83) 12) 11694.30) a5P,—2>D§ 8098.24 5| 12344.97) &D,—wF3 
8543.72) 10) 11701.29) a5P;—25D3 8084.98} 10) 12365.22) cD;—w®D, 
8537.80! 8} 11709.41! 25H3—eG, 8061.27} 10} 12401.59| &D,—wuF3 
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TaBLeE 1.—Infrared wave lengths of Cr 1—Continued 



































ee Inten-|} Wave num- Term combi- er Inten-| Wave num- Term combi- 
= sity | ber (vac.) nation = sity | ber (vac.) nation 

8050.68 2} 12417.92 7910.50} 10) 12637.95) 2Hs—eéG, 
8045.33 7| 12426.16 7908.30} 12) 12641.47) 2Hg—éG, 
8018.04 3} 12468.45) &D,—w'D; 7885.00 4| 12678.82| cD.—u’ 5Fy 
8014.88 5| 12473.36) c°D;—u5F3 7771.74 8| 12863.59 
7990.50) 10; 12511.42 7763.00 4| 12878.08 
7989.36} 12) 12513.21) &D,;—wF3 7749.25 1} 12900.93 
7971.31 4| 12541.54) °D,—w! Fj 7734.00 3| 12926.37| BF, — 2F3 
7942.02} 20) 12587.80) °D,—u5F3 7726.02 3| 12939.72| BF;—2F3 
7924.06 3) 12616.33 OD,—wF} 7724.50 1} 12942.27 
7917.85) 10) mgs | 2Hj;—eéGs; 7722.89 5| 12944.96 BF,—2°F; 





The new wave lengths, entered in table 1, are the means of from 
2 to 12 observations, including those given in the earlier paper. These 
are referred to the iron standards,’ which were observed in the second- 
and third-order spectra in juxtaposition with the first-order chromium 
spectrum. Following each recorded wave length is an estimated 
aa the wave number in vacuum, and the classification of the 

ine. 

The term combinations assigned to the classified lines are based 
on previously known terms of Cri and on the new and hitherto un- 
published terms given in tables 2 and 3. The term structure of Cri 
is built up, theoretically, of septet, quintet, triplet, and singlet sys- 
tems. Of these, the septets and quintets account for nearly all the 
prominent lines of the spectrum, which according to King ’ are excited 
at the lowest temperature stages of his vacuum furnace. Except for 
three odd terms of the triplet system, all the previously known terms 
of Cri belong to the septet and quintet systems. They are given in 
an earlier paper of this Journal * and also by Catalan and Sancho,* 
who, in addition, give a list of classified lines derived from them. The 
new terms of tables 2 and 3 belong mostly to the triplet system. 


TABLE 2.—Even terms of Cri 


























Term v Av Term v Ay 
SD rr72727] | Se80L0 | —2083 || Se io--7777727-] Zisrrs | 188 
a...) ees | ie 313641 13.7 
cmp: SS ie 4 oT Gaara 31355.0 oo 
_...........| eee ae 31352.3 
PD, wee ee ee ee eee 55209.0 222 0 Ges meee ew ee ee eee 57388.9 6 2 
f°D; wee ee ee ee eee 54987.0 168.3 &Gs meee ee eee eee 57382.7 10.1 
Gagan coger 54818.7 _* > -gomuaor 57372.6 il 
Pape. Sis. saris | | oa eral: |° Ee 
ee alpaca ee ei 57350.6 


6 Trans. Int. Astron. Union, 3, 77 (1928). 

7 Astrophys. J. 41, 86 (1915). 

ra. on J. Research 5, 775 (1930) RP229. Note.—-The term listed in this paper as y*Dj}=41124.7 should 
read 4 & f 

® Anales Soc. Espan. Fis. Quim., 19, 327 (1931). 
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TABLE 2.—Even terms of Cr 1—Continued 





















































Term v Av Term v Av 
Pl l27| aasce | $823 | @ar7727722) aaso73 | 141-0 
Poon... Beane 23163.2 EGE. |. ckadkece 24833.7 
bP, wwe ee ee ee eee 27223.0 47 0 BG; wee ee ee ee eee 27816.7 113 1 
BP; wee ee ee ee eee 27176.0 12.9 BG, wee ee ee ee eee 27703.6 106.4 
REE Paitie 27163.1 !G;_....-...-.-| 27597.2 
a’D; we eee eee oe — 45.2 pry ------------ | orem 49 
A EEE ERTT 28682.2 Dig ae | 57992. 
RTS LT 28679.6 a” TG... 2 casas | 57984.9 71 

yb Ci SE era | 24200.1 | 
ee nea 310284 me saben ocr 24055.9 | 144.2 
PP. ccciaeasy 31048.8 id k,n wT eLy 23933.7 
a’ Fy ame ee ee ee eee 25177.2 71 1 aI, eee eee ee eee 31047.8 a | 3 
" . 3 et 
=, ORE TIES 25106.1 | — 145°g || atle------------ 31049.1| —}3 
GNIS 24940.5 A... ae 31055.2 
~ aeaeesTs 33113.2 
BRE ence 33060.7 =t 
OF, ..-ccblchil 33040.2 
TABLE 3.—Odd terms of Cri 
Bx | | | 
Term y | dp Term v | Ap 
| 
| 
eee | 47088.4 Pe eee Caney 46058.2 | jd 
. Ser yrere 46000.4 33°9 
NONE odor 49477.0 RECT 45966.5 
te a apes) ae or 49620.6 | _og¢ 
{eee gas07.3| eee || gi-------2o20 49650.2 | —_29-6 
a. eae 33762.6 +) Re eT 49652.8 
per epee | 45734.3 PSS a 55207.3 
VP Big cep oes. eee 55101.8 | 105.8 
eRe | 45722.5 8 | Pion 54992.9 8. 
pre uieaia.” 51286.4 C. = awe 57335.4 
A SE 51246.9 See HM ate bee 57276.5 | 2e9 
Pj.....-.-.-..| 1176.8 i |. Senne 5720.8 | 
eae 38911.4| pig OH ks 36211.9 
pe et sereo.7 | 1807 ee 36034.0 | 137-8 
ee 290. 38597.1 Wil iG: i savesds 35897.7 
| 
| Panag Be* Son 46174.2 eat a Satie sabe 46985.7 ae 
FRAN es 46109.0 eg, MBSR 46904.8 4 
yDi_._........-| 46077.1 Sapam s 46846.7 
Roo <n 50264.4 o:) ee" =: 0.4 
ee a... 054. 
cd at | .....- — * 
| 
WDE 222] 81826 | 289-9 || wag caa27"] asse0 | © 2282 
“eRe aR 54956.8 ai ene 48514.8 | 
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TaBLe 3.—Odd terms of Cr 1—Contin ued 




















Term v Ap ! Term y Ap 

} 
Re | §4077.9 a - Gee 63997.6 
RAE SDE | panera | Sabe  e o-c cg 63927.1 | 70.5 
TERRES S | §3804.8 Pil Wii.....caaucu 63841.9 5.2 
ite = hes | §7088.1 .  beeee 45954.0 
NERS | gress | SA I oy 45959.6 | —57 
“SERENE | 56985.6 gk MRO RT RS ie bars ene 
, 45348.6 | SEMEN 55798.9 : 
eee... 3 canta | ae) Te 55740.9 or 
A RES, | 45358.5 de. RRNA 55686.3 6 
Seno efor? ae ine le... AW 63028.3 
PM... ..--| 67S | sive § MWe --L 62830.1| ips 
y'Hj.....-.-----|  47141.6 2 | i. -.-.-..-- 62636.4 ; 

| 
ee ee Tit he Siew ROR as 54498.0 
eae 48136.3 Pree Famer eet 54404.9 aoe 
“ARREST 48042.5 sak hk WRGSRBAW HNIC 54316.7 
| ee | sense 
i 48288.2 22.0 || 2D. -..----- 46422.4 

on 46368.3 oa 

RE SORE Fare? See gi 46349.3 - 
4. wacanetl 52905.4 or. aera 46298.2 
eR | 52963.3 sf -wneewatsatn Diewacas-e 
utHg__..._-.----| 54886.6 a: : RA OER, 
wH3._.........-| 4799.0 hed PS EN 48042.5 | _ ong 
wH;__.___-.--| 54736.4 || wa -—---22-- 48252.0 | — 709.8 

| po eae eae 48217.6 
eee | 54866.3| _ 9, || wSFi.---------- 48209.9 1.7 
EAR | 54920.4| —{TS8 
#H;___--.--.-| 548108 6 | gsHy__.--_--- 42386.9| i959 

| oO NS A NEFE 42251.9 m4 
stH;_.....------| 58775.2 sing HER once dae 42153.6 se 
H;____._......|  58754.3 aoe | OM. - costae 42079.8| {35 
os | 58728.2 1 || sHy-___--_-- 42025.6 | 











The low and metastable terms of Cr1 arise from the electron con- 
figurations d‘s*, d's, and d*. The terms for d‘s? and d° are similar in 
number and type and are characterized by wide fine structures, but 
those from d° will be inverted and relatively inconspicuous compared 
with those from d‘s?, which are normal. On the other hand, the 
terms for d's are of narrow fine-structure and many of them exhibit 
total or partial inversion of their components. All of the septet and 
quintet terms arising from these 3 configurations have now been 
established; but of the triplet terms, required theoretically, not quite 
half have been found. No singlets have as yet been detected. These 
facts are summarized in table 4. 
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TaBLe 4.—Low and metastable terms of Cr 1 
Electron 
configuration Observed terms 
3d‘ 4s? a’D, a®H, 6G, a®F, a®P 
3d5 4s = a'S, a®G, a®G, a®F, B&F, DD, a®D, a'P, bP, a®I, 1D 
3d* 5 








The identity of many of the triplet terms reported in this paper has 
been established by the excellent Zeeman effect observations made at 
the Mount Wilson Observatory by Mr. H. D. Babcock. It is a 
pleasure to acknowledge my indebtedness to him for placing his 
unpublished work at my disposal. 


WASHINGTON, 


April 17, 1935. 
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USE OF 8-HYDROXYQUINOLINE IN DETERMINATIONS OF 
ALUMINUM, BERYLLIUM, AND MAGNESIUM 


By Howard B. Knowles 





ABSTRACT 


The methods commonly used for precipitating aluminum by 8-hydroxyquin- 
oline from an acetic-acid solution, buffered with ammonium acetate, do not 
sufficiently define the conditions requisite for complete precipitation. The 
present article describes a method in which aluminum is precipitated as the 
oxyquinolate from a solution which has been partially neutralized with ammonium 
hydroxide, using bromcresol purple as an indicator. Results obtained in the 
separation of aluminum from beryllium and magnesium, and in the separation 
of beryllium in the presence of aluminum, iron, titanium, and zirconium, by the 
described procedure, are given. 
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I. INTRODUCTION 


A study of the numerous procedures which have been recommended 
for the determination of aluminum and its separation from other 
elements by precipitating with 8-hydroxyquinoline reveals that, 
while conditions governing the precipitation from alkaline solutions 
have been satisfactorily established, those in which precipitation is 
effected from acid solutions have not been sufficiently defined. 
Procedures which recommend that precipitation be made from 
“faintly acid” or from “neutralized or weakly acid solution”’ are 
unsatisfactory, both because of the uncertainty in duplicating con- 
ditions for precipitation and the possibility of various interpretations 
by different analysts. 
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The recent investigations by H. R. Fleck and A. M. Ward! and 
by H. Goté? have defined the limits within which certain elements 
are precipitated by 8-hydroxyquinoline. Experiments made by the 
latter show that aluminum is precipitated quantitatively between 
the pH values of 4.2 and 9.8. If aluminum 1s to be quantitatively 
separated as the oxyquinolate from an acid solution it is necessary 
therefore that precipitation be effected in a solution whose pH 
value is never less than 4.2 nor in excess of 7.0. 

In the method to be described, aluminum is precipitated as the 
oxyquinolate from an acetic-acid solution, buffered with ammonium 
acetate, which has been neutralized with ammonium hydroxide to a 

H of approximately 6.8, using bromcresol purple as an indicator, 

he aluminum oxyquinolate can be dried ak weighed in that form, 
or it can be dissolved in hydrochloric acid and the solution thus 
obtained titrated with a standard solution of potassium bromate. 


II. GENERAL CONSIDERATIONS 


In any discussion of the use of 8-hydroxyquinoline as a precipitant, 
reference must be made to the extensive studies which have been 
carried out by R. Berg,’ F. L. Hahn, and co-workers ‘* and others.5 
From these it will be found that many elements are precipitated 
under essentially the same conditions and that direct separations 
are not always possible. The value of 8-hydroxyquinoline as a 
reagent in quantitative analytical chemistry lies principally, although 
not entirely, in its use after preliminary separations have removed 
interfering elements. Such separations may include precipitation 
with ammonium hydroxide, which serves to remove moderate amounts 
of elements such as magnesium, zinc, manganese, nickel, cobalt, 
tungsten, and molybdenum; electrolysis with a mercury cathode, 
which removes elements such as iron, chromium, nickel, cobalt, 
copper, zinc, tin, and molybdenum; precipitation with cupferron, 
which precipitates elements such as iron, titanium, zirconium, tin, 
columbium, tantalum, and others; or the separation of aluminum 
based on its solubility in sodium hydroxide. 

Direct separation of aluminum by precipitating in an acid solution 
with 8-hydroxyquinoline is acocunghdied when dealing with solutions 
containing only aluminum, or aluminum in the presence of beryllium, 
magnesium, or other elements that are not precipitated in an acid 
solution, such as lead, the alkaline earth metals, and the alkalies. 

The determination of aluminum oxide for the purpose of classifying 
commercial feldspar presents an almost ideal case in which a precipita- 
tion with 8-hydroxyquinoline from an acid solution is most advan- 
tageous. In this particular instance, the elements that are precipi- 
tated with the aluminum, such as iron, titanium, and zirconium, are 
Serene present in such small quantities that their effect can be 

isregarded in commercial analyses. If these elements have been 
determined individually, corrections for their presence can be made. 

The determination of beryllium in ores and metallurgical products 
frequently requires a separation of that element from aluminum, 
“TAs, #838 190), 

2J. Chem. Soc. Japan 54, 725 (1933). 
+R. Berg. Z. anal. Chem. 70, 341 (1927); 71, 23, 171, 321, 369 (1927); 72, 177 (1927); 76, 191 (1929); 81, 1 (1930). 


‘F. L. Hahn, et al., Z. anal. Chem. 71, 122, 225 (1927). 
5 See also Organic Reagents for Metals, p. 41. (Hopkins and Williams, Ltd., London, 1933.) 
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with which it is often associated, as well as from certain other ele- 
ments. For this purpose, precipitation of aluminum from an acid 
solution by 8-hydroxyquinoline completely separates that element 
from beryllium, which may then be determined in the filtrate by 
precipitating with ammonium hydroxide and igniting the precipitate 
to the oxide. In such cases, a» preliminary precipitation of the 
aluminum and beryllium with ammonium hydroxide is desirable to 
separate them from such elements as manganese, calcium, barium, 
strontium, and magnesium, which would subsequently interfere in the 
determination of beryllium if the latter is to be precipitated with 
ammonium hydroxide in the presence of 8-hydroxyquinoline. 

In the analysis of alloys, the removal of such common alloying 
elements as copper, tin, iron, zinc, and nickel by electrolysis with a 
mercury cathode leaves a solution containing aluminum, and mag- 
nesium, if the latter be present. Other elements, such as titanium, 
zirconium, vanadium, and uranium, which are not removed by 
electrolysis, must be removed, if present, by other procedures before 
attempting the precipitation of aluminum. In this, and similar 
cases requiring a separation of aluminum from magnesium, precipita- 
tion from an acid solution by 8-hydroxyquinoline offers a rapid 
method for the direct separation and determination of aluminum. 


III. EXPERIMENTAL WORK 


Aluminum can be precipitated by 8-hydroxyquinoline from acid 
solution under two sets of conditions. In the one, as applied to 
the analysis of feldspar, the addition of a small amount of tartaric 
acid serves to prevent the formation of precipitates during the partial 
neutralization with ammonium hydroxide, and the aluminum is 
precipitated by a rapid addition of the reagent. In the other, with 
no tartaric acid, the precipitate that is formed by partial neutraliza- 
tion is either dissolved or converted to the oxyquinolate during the 
slow addition of the reagent. In the latter modification, the ability 
of 8-hydroxyquinoline to convert an insoluble compound to the 
oxyquinolate is of interest. R. Berg’ states that even the difficultly 
soluble nickel glyoxime and the copper compound of a-benzoinoxime 
are converted into their respective oxyquinolates by treatment with 
8-hydroxyquinoline. 


1, DETERMINATION OF ALUMINUM 


The determination of aluminum by precipitating with 8-hydroxy- 
quinoline, although accomplishing a quantitative separation of that 
element, yields results that tend to be too high, regardless of whether 
the precipitate be dried and weighed as the anhydrous aluminum 
oxyquinolate or whether it be titrated, after solution in hydrochloric 
acid, with a standard solution of potassium bromate. The results 
given in table 1 were obtained by precipitating aluminum from an 
acid solution containing no other elements precipitable by 8-hydroxy- 
quinoline. The aluminum in these precipitates was determined 
either by drying the precipitate at 140° C.* by titration of the dried 
precipitate after solution in hydrochloric acid, or by titration of 


2 ey ae and E. B. Sandell, J. Am. Them. Soc. 50, 1900 (1928). M. Niessner, Z. anal. Chem, 
J, prakt. Chem. 115, 182 (1927). 
§ The dried aluminum oxyquinolate is moderately hygroscopic and should be weighed without undue 
€xposure to the atmosphere. 
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solutions of undried precipitates. A study of the results shows that, 
if amounts of aluminum not exceeding approximately 50 mg are in- 
volved, satisfactory determinations can be obtained by i the 
dried aluminum oxyquinolate. If aluminum is to be determined b 
titration the amount involved should not greatly exceed 25 mg, if 
correct results are to be expected. With larger amounts of aluminum, 
positive errors become noticeable regardless of whether the precipitate 
is dried and weighed, or whether it is titrated, after solution in hydro- 
chloric acid, with potassium bromate. There appears to be a positive 
error in the determination of aluminum, resulting from probable 
retention of the reagent by the precipitate,’ which is reflected more 
strongly in the volumetric procedure than in the gravimetric. This 
supposition was verified by the following experiments. 

In two experiments, solutions containing 0.1890 g of aluminum 
oxide (0.1000 g of Al) were precipitated by the recommended 
procedure A and the aluminum oxyquinolate was decomposed in 
a platinum dish with sulphuric, nitric, and perchloric acids. Follow- 
ing the removal of platinum by precipitation with hydrogen sul- 
phide, the aluminum was precipitated with ammonium hydroxide, 
filtered, washed, and ignited. ‘The aluminum oxide obtained, cor- 
rected for silica and blanks, weighed 0.1890 and 0.1891 g. 


TABLE 1.—Results obtained in the determination of aluminum 





Aluminum found 
































| 
- : Alumi | - . 
xperi- | num tra- itra- | 
ment | pres- | Dry- tion tion Remarks. 
|} ent! ing at | Error (dry) Error (wet) Error | 
| 140° C precip | precip | 
itate | itate 
JES Je Peas 
g g g g g g g 
. _- ee ae ee ee es 0. = +0. on Procedure B.—Precipitation 
3 fT ORO SAC: BRE: MWR "0051 * 0000 in a volume of 125 ml con- 
4 "0101 DREN EE WR MS Re OS EES 0102 +. 0001 taining 0.2 g tartaric acid 
5 wae Pe ee eae) genes * 0253 “0000 and 4 g of ammonium 
; | Togos |ITIIIIIISTIIIIIIIIIEIII] legos | Son00 |} seetane. 
Procedure 3B.—Precipitation 
7 0248 | 0.0249 |+-0.0001 | 0.0250 |+0.0002 | .0249 | +. 0001 in a volume of 200 ml con- 
8 0496 | .0497 | +. 0001 0501 | +.0005 | .0501 | +. 0005 taining 1 g of tartaric acid 
Q 0500 | .0500 0000 0504 | +.0004 | .0505 | +. 0005 and 4 g of ammonium 
acetate. 
10........-| 0500} .0502 | +.0002 | .0504 | +.0004 |........]........- Procedure A.—Precipitation 
11 .0500 | .0503 | +. 0003 0513 | +. 0013 0514 | +. 0014 in a volume of 200 ml con- 
ee Ae 3S | re ee eee ee taining 4 g of ammonium 
Betis 1000 | 1003 | +.0003 | .1024 | +. 0024 1028 | +. 0028 acetate 





1 Solution prepared by dissolving metallic aluminum (99.97; percent of Al) in hydrochloric acid and 
eae by precipitating with ammonium hydroxide and igniting to oxide, with final correction 
or silica. 


With amounts of aluminum exceeding 50 mg, the following pro- 
cedure is recommended. Dissolve the oxyquinolate in an excess of 
dilute sulphuric acid, evaporate to fumes of that acid and while 
fuming add successive coal portions, 1 to 2 ml, of nitric acid (sp gr 


1.50) to destroy the bulk of the organic matter. Cool the solution 
slightly, add one-third of its volume of perchloric acid (60 to 70 per- 
cent), and continue heating until the solution is colorless. Cool, 


°F. L. Hahn, Z. anal. Chem. 86, 154 (1931). 
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dilute with water and heat to dissolve the anhydrous aluminum sul- 
phate. Precipitate the aluminum with ammonium hydroxide, filter, 
wash, and ignite to oxide in the customary manner. Results must 
be corrected by blank determinations obtained by carrying similar 
known amounts of pure aluminum through all steps of the process 
involved in the destruction of organic matter, and for silica if the 
operations have been conducted in glass apparatus. 


2. DETERMINATION OF ALUMINUM OXIDE IN FELDSPAR 


The determination of aluminum oxide in feldspar, after removal of 
silica, presents a case which involves the separation of aluminum from 
the alkalies, and probably small amounts of calcium, barium, and 
magnesium. Iron, titanium, zirconium, and other elements are, in 
general, present in such small quantities as to make their prior removal 
unnecessary in ordinary work. Under such circumstances rapid 
routine determinations of alumina can be made by precipitating the 
aluminum from solutions representing 0.1 g of feldspar. Such solu- 
tions may be obtained from samples in which silica has been deter- 
mined, or from individual portions of the feldspar which have been 
decomposed by hydrofluoric and sulphuric acids. In the latter 
case, it is essential that all hydrofluoric acid be expelled from the 
solution before attempting the precipitation of aluminum. 

Results obtained in the analysis of feldspar by titrating the alum- 
inum_oxyquinolate, after solution in hydrochloric acid, with 0.1 N 
potassium bromate are given in table 2. 


TABLE 2.—Determination of aluminum oxide in feldspar 











| AlO3 
Experiment Sample 
Present!| Found | Difference 
Percent | Percent Percent 
bo o<seumeunsaemen 18. 03 18. 01 —0.02 | National Bureau of Standards Standard Sample 70. 
Excccccdhnenmeuell 18. 03 18. 06 +. 03 Do. 
EE, Rae 18. 03 18, 02 —.01 Do. 
8... csvenwitianes 19. 06 19. 10 +. 04 Do. 
— ae 19. 06 19. 11 +. 05 Do. 
Thins. sesskquataice 19. 06 19. 14 +. 08 Do. 
Veocbbbastentoad 15, 33 15. 34 +. 01 
— ERR OO 15, 33 15. 33 . 00 
D. . sacnagamnaiie 18. 75 18,75 .00 
} eee ee oe 18. 75 18. 72 —.03 
pie digives 14 30 14. 40 +.10 
_ SESE 14. 30 14. 37 +. 07 
Pei cacehsusneo® 21, 25 21. 09 —.16 
| ee re 21, 25 21, 15 —.10 
licntesisenesthdna tisha 21, 25 21,12 —.13 

















1 Results given for experiments 7 to 15 are values reported by the analyst for a producer of commercial 
feldspar who used the standard method (double dehydration for silica and double precipitation with 
ammonium hydroxide), and who estimates that the values are accurate to + 0.2 percent. The results for 
experiments 13 to 15 may be high because of the presence of an appreciable amount of barium in the sample. 


3. SEPARATION AND DETERMINATION OF BERYLLIUM 
AND ALUMINUM 


The precipitation of aluminum from acid solution by 8-hydroxy- 
quinoline is of special importance because of the separation from 
beryllium that it accomplishes. Aluminum and an —- mt are fre- 
quently associated with elements that either interfere in the deter- 
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mination of aluminum, or in the determination of beryllium when the 
latter is precipitated by ammonium hydroxide in the presence of 8- 
Lolemiaminting When such elements are present preliminary sep- 
arations effecting their removal are necessary before attempting a 
ar a mem of the aluminum. For this purpose, precipitation with 

ydrogen sulphide is required if elements such as copper, lead, 
bismuth, or other elements that form acid-insoluble sulphides are. 
present. The removal of elements such as manganese, magnesium,. 
the alkaline earth metals, and moderate amounts of nickel, cobalt, 
and zinc, is accomplished by precipitating with ammonium hydroxide, 
whereas precipitating with an excess of sodium hydroxide serves to 
separate aluminum and beryllium from iron, titanium, zirconium, 
and “pg elements whose hydroxides are insoluble in ar. excess of 
alkali. 


(a) DETERMINATION OF ALUMINUM IN THE PRESENCE OF BERYLLIUM 


Results obtained by precipitating aluminum oxyquinolate in acid 
solution, in the presence of beryllium, by procedure A, and drying the 
precipitate at 140° C are given in table3. Although satisfactory sep- 
arations are effected, the results are high because of retention of the 
reagent by the precipitate. The dried precipitates were dissolved 
by treatment with suphuric, nitric, and perchloric acids, and exam- 
ined for beryllium by treating with sodium hydroxide and quinalizarin 
as recommended by H. Fischer.” 


TABLE 3.— Determination of aluminum in the presence of beryllium 








Beryllium 

" Aluminum | Beryllium | Aluminum contained 

Experiment Error in alumi- 

taken ! taken found num pre- 

cipitate 
g g . g mg 

ERR eS ye eee Oe Wenn eek 0. 1000 0. 1083 0. 1006 +0. 0006 0.1 
RR a eS LOTR ES . 1000 . 0011 . 1004 +. 0004 0 
ERR GER REE Oo 8 EE BE eB AES ANIA . 0500 . 1083 . 0503 +. 0003 Hy 
a Ra AE FATE . 0100 . 1083 . 0101 +. 0001 0 




















1 See footnote to table 1. 


(b) DETERMINATION OF BERYLLIUM IN THE PRESENCE OF ALUMINUM, IRON, 
TITANIUM, AND ZIRCONIUM 

Results obtained in the determination of beryllium, after its separ- 
ation from aluminum, iron, titanium, and zirconium by precipitating 
the latter in acid solution with 8-hydroxyquinoline by the recom- 
mended procedure, are given in table 4. In these experiments, double 
precipitations with 8-hydroxyquinoline were made to recover the 
small amount of beryllium retained by the first precipitate, and the 
combined filtrates were evaporated and treated with sulphuric, nitric, 
and perchloric acids to destroy the excess reagent before precipitating 
the beryllium as the hydroxide. Subsequent experiments showed that 
it is not necessary to remove the excess of 8-hydroxyquinoline from 
solution, since it does not interfere with the complete precipitation of 
beryllium by ammonium hydroxide if the solution is allowed to cool. 
before it is filtered. 


0 Z. anal. Chem. 73, 54 (1928). 




















Knowles) Determinations of Al, Be, and Mg 93 


TABLE 4.—Results obtained in the determination of beryllium after its separation 
from aluminum, iron, titanium, and zirconium 








BeO found 
BeO Other 
Experiment taken ! Error elements 
First Second Total present 


separation | separation 





a g g ¥ g & 
] . .coceenuesotinbesintninaeend 0. 3004 0. 2996 0. 0006 0. 3002 —0. 0002 | (0.10 Alz:O3 
9. .ncnccntavsccaccencsssccee . 1502 . 1497 . 0005 - 1502 - 0000 |} .01 Fe2O3 
$B. .n-cncsonnsobeseeemameenes - 0150 . 0150 - 0002 - 0152 +. 0002 |) .005 TiO: 
, ee en oe - 0015 - 0014 . 0000 . 0014 —. 0001 }{ .005 ZrO; 























1 Solution prepared from beryllium carbonate, free from aluminum, and treated to remove elements 
whose sulphides are insoluble in acid. The solution, after 3 precipitations with ammonium hydroxide to 
insure removal of any magnesium, was standardized by precipitating with ammoniun hydroxide and 
igniting to oxide, with final correction for silica. 


Incomplete precipitation was observed in a few cases in the separa- 
tion of beryllium as the hydroxide by precipitating with ammonium 
hydroxide from hot solutions. To recover any beryllium that may 
have escaped precipitation the filtrates were allowed to cool, treated 
with a few drops of ammonium hydroxide and allowed to stand for 
24 hours—a precaution also recommended by M. Frommes." 

The total beryllium oxide recovered in each experiment was 
examined for contaminating elements and found to contain less than 
0.1 mg of aluminum oxide, a trace of ferric oxide, and no titanium or 
zirconium oxides. Solutions of the final oxyquinolate precipitate, 
after treatment with sulphuric, nitric, and perchloric acids to destroy 
organic matter, were precipitated with an excess of sodium hydroxide, 
and filtered. The filtrate, when treated with quinalizarin, showed the 
oxyquinolate precipitate to be free from beryllium. 


4. DETERMINATION OF ALUMINUM IN THE PRESENCE OF 
MAGNESIUM 


The results given in table 5 were obtained by precipitating alumi- 
num in the presence of magnesium, by the recommended procedures, 
and drying the aluminum oxyquinolate at 140° C. The values ob- 


tained illustrate again the tendency of the method to = results that 
are too high because of retention of the reagent by the precipitate. 


TABLE 5.—Determination of aluminum in the presence of magnesium 























Precipitation 

Aluminum | Magnesium} Aluminum 

Experiment en 1 taken found Error 7 proce- 
vo g 

SPE AA Pe Tae ee he eS 0. 0010 0. 1000 0. 0010 +0. 0000 B 

Bhs wnnn.dscddidethabdtaphiemaapueuisitibe 1000 . 0500 1002 +. 0002 A 

PR eT SS? fe I: Pe 1000 0500 1005 +. 0005 A 

Di cenutkteaacgibhs ade ceahainnbalsibs Wad wine 1000 1000 1002 +-. 0002 A 

ESS EE LE Foe ONG ET ST ee 1000 . 1000 1005 +. 0005 A 

BRIG PE EPI ERS 1000 . 1000 1006 +. 0006 B 

Vo conc cctsceaudedeebsbbincuteebicadawek 1000 . 1000 1005 +. 0005 A 





1 See footnote to table 1. 
1 Z, anal. Chem. 93, 287 (1933). 
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The aluminum oxyquinolate obtained in experiments 1 to 5 was 
decomposed as described in section III, 1. Determination of alumi- 
num, and the aluminum, in each, twice precipitated with ammonium 
hydroxide. The combined filtrates, when evaporated to a small 
volume and treated with diammonium phosphate, failed to disclose 
the presence of magnesium. Under conditions of the tests 0.2 mg of 
magnesium would have been detected. 


IV. RECOMMENDED PROCEDURES 
1. PROCEDURE A (FOR USE IN PRESENCE OF BERYLLIUM) 


To the acid solution containing not more than 0.1 g of aluminum 
and 10 ml of hydrochloric acid in a volume of 200 ml, add 15 ml of a 
solution prepared by dissolving 30 g of ammonium acetate in 75 ml 
of water, and 8 to 10 drops of a 0.04-percent solution of bromcresol 
purple. Add diluted ammonium hydroxide (1+1) ” until the indi- 
cator becomes a distinct purple. While stirring, add slowly from a 
burette an acetic-acid solution of 8-hydroxyquinoline in 15 to 25 
percent excess of the amount necessary to precipitate the aluminum. 
Stir occasionally as the solution and precipitate are heated to boili 
and boil gently for 1 minute. Allow to cool to 60° C. Filter the 
precipitate (using moderate suction) through a 35-ml fritted-glass 
crucible of fine porosity, such as a 1bG4 Jena-glass filtering crucible. 
Wash the precipitate with 100 ml of cool water and determine the 
aluminum by either of the methods given under procedure B. 


2. PROCEDURE B (FOR USE IN ABSENCE OF BERYLLIUM) 


To the acid solution containing not more than 0.1 g of aluminum 
and 10 ml of hydrochloric acid in a volume of 200 ml, add tartaric 
acid in an amount equal to 5 times the weight of aluminum that is to 
be precipitated. Add 15 ml of a solution prepared by dissolving 30 g 
of ammonium acetate in 75 ml of water, and 8 to 10 drops of brom- 
cresol purple solution. Partially neutralize the solution by adding 
diluted ammonium hydroxide (1+1) until a distinct purple color ap- 

ears. While stirring, add rapidly an acetic-acid solution of 8- 
bedecavqainistine in 15 to 25 percent excess of the amount necessary 
to precipitate the aluminum. Complete the separation by heating, 
filtering, and washing the precipitate as directed in procedure A. 

The treatment of the precipitate to determine the aluminum may 
be carried out either gravimetrically or volumetrically. In gravimet- 
ric determinations, involving as much as 0.1 g of aluminum, dry the 
precipitate 3 hours at 135° C and weigh as Ay (C,H,ON)3, which con- 
tains 5.87 percent of aluminum or 11.10 percent of aluminum oxide. 

If aluminum is to be determined by the volumetric procedure, 
place the crucible and its contents in a 600-ml beaker, add 200 ml of 
diluted hydrochloric acid (1+4) and heat gently until the precipitate 
has dissolved. Remove the crucible and rinse the adhering solution 
back into the beaker. Recover the solution retained in the glass frit 
by replacing the crucible on the filtration apparatus and washing it 
with warm dilute hydrochloric acid (1+9). Dilute the acid solution 
to 400 ml and cool to room temperature (20° C+3°). 


12 Made by diluting 1 volume o fammonium hydroxide (sp gr 0.90) with 1 volume of water. When no 
dilution is specified the use of the concentrated reagent is intended. 
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Add a solution of standard potassium bromate-potassium bro- 
mide in moderate excess (about 2 to 3 ml), as determined by test," 
or by calculation if the approximate amount of aluminum is known. 
Stir and let stand for 30 to 60 seconds to insure complete bromination. 
Add 15 ml of a 20-percent solution of potassium iodide, stir thoroughly 
to make sure that the reaction between the bromine and the iodide 
is complete, and then titrate with a 0.1 N solution of sodium thiosul- 

hate until the color of the solution becomes a faint brownish yellow. 
Add 4 ml of starch solution and titrate until the blue color disappears. 

Subtract from the volume of the potassium bromate-bromide added 
the volume of potassium bromate-bromide solution which is equiva- 
lent to the volume of sodium-thiosulphate solution that is required. 
Multiply the difference, representing the volume of potassium 
bromate-bromide consumed in reacting with the 8-hydroxyquinoline, 
by the titer of this solution to obtain the amount of aluminum. 

The solutions that are required for the determination of aluminum 
are as follows: 

Potassium bromate-bromide solution (1.0 N).°—Dissolve 27.835 g 
of potassium bromate and 100 g of potassium bromide in 600 ml of 
water and dilute to exactly 1 liter. The potassium bromate-bromide 
solution is conveniently standardized by determining the ratio between 
it and a solution of sodium thiosulphate which has been standardized 
against an iodine solution. This ratio is obtained as follows: To 
200 ml of cool water containing 4 g of potassium iodide, add 4 ml of N 
bromate (or 8 ml of 0.5 N, 16 ml of 0.25 N, or 40 ml of 0.1 N, if such 
solutions are preferred). Add quickly, while stirring, 40 ml of 
diluted hydrochloric acid (1+-1) and titrate with thiosulphate until 
the solution is nearly colorless. Add 4 ml of starch solution and 
continue the titration until the blue color disappears. 

In treating oxyquinolates with potassium bromate, 4 gram-atoms 
of bromine are required for each quinolate radical. Consequently, 
12 gram-atoms of bromine represent 1 gram-atom of aluminum, and 1 


ml of an exactly normal solution of potassium bromate-bromide 
should equal 


26.97 1 : 
—— x 000 = 0:0022475 g of aluminum. 


The titer of the bromate solution is then obtained as follows: 





Normality factor of . normality factor of 
the thiosulphate x a tioeu Pate sorution _ the bromate so- 
solution mi of bromate solution lution. 


"% The bromate solution used in the titration should be of such strength tha. a reasonable volume is con- 
sumed in Pose the titration. Suitable strengths vary from 0.1 N, for amounts of aluminum up to 
10 mg, to N for amounts such as 50 to 100 mg. 

4 Add 1 drop of the solution to a mixture of 1 drop of potassium-iodide solution and 1 drop of starch solu- 
tion on a spot plate. If the mixture turns blue, stir the solution containing the aluminum 1 minute and 
Tepeat the test. If the blue color does not again appear, more bromate solution must be added and the test 
repeated. Berg (Z. anal. Chem. 71, 31 (1927)) recommends the use of a few drops of a 1-percent aqueous 
Solution of indigo carmine, while Hahn and Vieweg (Z. anal. Chem. 71, 124 (1927)) use a diazobenzene- 
sulphonic-acid paper instead of iodide and starch. 

‘In titrating the liberated iodine, the addition of the thiosulphate is continued until the solution is a 
pale brownish yellow. Care in distinguishing between this color and the yellow color due to the bromi- 
nated puydroryauineline is necessary. 

% Solutions of 0.5, 0.25, and 0.1 V are prepared by dissolving potassium bromate and potassium bromide 
0 similar proportions. 


139420—35——7 
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tn Rene factor X0.0022475=g of Al per ml of the bromate 
solution. 

Sodium-thiosulphate solution (0.1 N).—Dissolve 25 g of sodium thio- 
sulphate (Nav8:0,,5H40) in 200 ml of recently distilled water and 
dilute to 1 liter. Standardize this solution against a 0.1 N solution 
of resublimed iodine which has been standardized against pure 
arsenious oxide. 

8-Hydroxyquinoline solution (2.5 percent)—Treat 12.5 ¢ of 
8-hydroxyquinoline with 25 ml of wlecial acetic acid and warm gently 
to effect solution. Pour the resulting solution into 450 ml of water 
at 60° C. Cool, filter if necessary, and dilute to 500 ml. 

Potassium-iodide solution (20 percent).—Dissolve 25 g of potassium 
iodide in 100 ml of water. 

Starch solution.—Dissolve 5 g of soluble starch and 2.5 g of salicylic 
acid in 1 liter of water. 

Bromcresol-purple solution (0.04 percent).—Triturate 0.1 g of the 
dry indicator with 18.5 ml of 0.01 Nv sodium hydroxide and dilute the 
resulting solution with water to 250 ml. 


Wasuineton, May 3, 1935. 
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A THIN CELL FOR USE IN DETERMINING THE 
REFRACTIVE INDICES OF CRYSTAL GRAINS 


By Charles Proffer Saylor 





ABSTRACT 


The use of those immersion methods for determining refractive index in which a 
regulation of temperature is employed has been seriously limited by the impos- 
sibility of obtaining interference figures. A thin cell is deseribed which overcomes 
this obstacle, so that it is possible to know the exact orientation of the crystal 
grains which are chosen for identification. 





A distinct impediment in applying the double-variation method of 
Emmons! for determining relractthe indices has been the impos- 
sibility of obtaining conoscopic interference figures. As it is only 
in special cases, therefore, that the optical orientation of a crystal 
grain can be accurately known, the peculiar advantages of the method 
are almost lost. Emmons endeavors to remedy this situation in a 
later publication,” in which he describes an application of the universal 
stage to the problem, but this method is cumbersome and slow, 
and a large proportion of particles are too small to be studied with it.* 

Emmons mounts the preparation upon a cell with glass windows, 
between which water of controlled temperature is circulated. The 
temperature of the liquid mounting of the crystal fragments quickly 
becomes almost the same as that of the water. The refractive index 
of the liquid is modified accordingly and can be made to match an 
index of the immersed crystal fragments. But this cell is so thick 
that the preparation is raised above the region traversed by the more 
oblique rays. Consequently, satisfactory interference figures are 
impossible. To avoid this difficulty, the writer, three years ago, 
constructed a cell of differentform. It has been successful, and during 
three years of use no reason has appeared for modifying the design 
shown in figure 1. 

Three pieces of brass A, B, and C, which are 0.5, 0.9, and 0.2 mm 
thick, respectively, were cut along the full lines with a jeweler’s 
jigsaw. ‘Two holes were drilled in A, as shown. From B, clamped 
upon a plane surface, half the thickness of the parts indicated by 
stippling was removed with a chisel, and, in the same manner but 

m the reverse side, half the thickness was removed from those 
— indicated by crosshatching. The bottom of A, the top and 

ottom of B, and the top of C were thinly coated with solder; the 

1R. C. Emmons, Am. Mineral. 13, 504 (1928); 14, 414 (1929). 

+A. N. Winchell, The Microscopic Characters of Artificial Inorganic Solid Substances or Artificial 
Minerals, (John Wiley & Sons, Inc., 1931). Chapter VIII, on the Universal Stage, was written by Emmons. 


‘ These difficulties are clearly set forth in a review of Winchell’s book by G. Tunell and G. W. Morey, 
J. Am. Chem. Soe. 54, 2574-7 (1932). 
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Fieure 1.—Details of the cell. 


A, B, and C are three-fifths their actual size. E, taken along the line xx, is four times the scale of A, B, 
and C,. All dimensions are given in millimeters. 


three pieces were superimposed and sweated together. The solder 
which extruded around the edges of the brass plates and the window 
was removed, and the edges were smoothed. The two short pieces 
of brass tubing indicated in D, each with a bevelled end, were soldered 
over the holes in A. Square cover glasses (no. 2; 22 mm) were 
cemented in the recesses * which were provided, top and bottom, by 
the shapes of the pieces A, B, and C. A perspective drawing of the 
completed cell is shown in figure 1 (D), and in figure 1 (KE) a section 
along the dotted line xx is shown. The metal parts are hatched. 

The apparatus is satisfactorily durable despite the thinness of the 
cover glasses. Cementing along the four edges lends much strength, 
and the cover glasses have never been accidentally broken. In 
the completed cell the distance from the bottom of the lower cover 
glass to the top of the upper one is 1.35 mm. The thickness of the 
cell, therefore, is about the same as that of an average microscope 
slide, and it is used like one. There is no difficulty in obtaining 
interference figures or controlling the temperature with all desirable 
accuracy. 


¢ Of various cements tried, only Schaar & Company’s Cementyte D proved satisfactory. The others 
loosened when very hot water was circulated through the cell. 


WasuinerTon, April 30, 1935. 
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